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(54) Tliermopile-type infrared sensor and process tar producing the same 



(57) An inexpensive thermopile-type infrared sen- 
sor is provided, in which the S/N ratio. i.e. ratio of output 
voltage to Johnson noise, is inaeased, a flat and rigki 
membrane structure is formed therein, and an sbsorp- 
tion characteristic as well as a production yield thereof 
are improved. In the thernwpile-type infrared sensor 
according to the present invention, themnoelectric ele- 
ments are formed on a single crystalline silicon sut>- 
strate containing a cavity therein. The thermopile-type 
infrared sensor contains a first dielectric film covering 
the cavity, a plurality of n-type polycrystalline silicon lay- 
ers formed on the first dielectric film, extending radially 
from the vidroty of a chip center, and metal film layers 
formed in contact with the n-type polycrystalline silken 
layers, wherein hot junctions are formed at the chip cen- 
tral side and that cold junctions at the chip peripheral 
side of the n-type polycrystalline silicon layers, respec- 
tively. by contacting the n-type polycrystalline silicon 
^ layer and the metal film layer, and at least one series of 
Q thernx>electric dements is formed on the first dielectric 
00 film by connecting alternately and successively, by the 
^ metal film layer, said hot junction and cold junction of 

O the neighboring n-type polycrystalline silicon layer. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Reld of the Invention s 

[0001] Ihis invention relates to a thernfx)pile-type 
infrared sensor and a process for producing tfie same 
and, more specifically; to a thermopile-type infrared 
sensor tfiat Increases a S/N ratio by improving a ther- 
mopile pattern structure thereof and a process for pro- 
ducing the same, which enhances production yield 
thereof 

(2) Description of the Related Art 

[0002] In general, a thermal equilit)rium equation for 
a thenmal infrared sensor is expressed as follcws: 

C • ST/at+G • 5T = W (1) 

where, C is a heat capacity, 5 T temperature change of 
a HgfrtHreceiving part G thermal conductance k>etwe^ 
the light-receiving part and surroundings, and W a ligfit- 
receiving power. When the light-receiving power W var- 
ies according to an equation W = W q exp Q co t), 5 T is 
expressed as follows: 

|6T| = WoyG(1+TV)^'^ (2) 

wherein a thermal lime constant t is expressed as fol- 
lows: 

T - C/G (3) 

[0003] Accordingly, in order to increase a response 
rate of a thermal infrared sensor (i.e. to decrease ther- 
mal time constant x ), heat capacity C is needed to t>e 
decreased and thermal conductance G is needed to be 
increased. However, increment in G causes tempera- 
ture change of light-receiving part 5 T to decrease with 
respect to the same light-receiving power and sensitivity 
to deteriorate. Therefore, in order to improve sensitivity 
and response rate of a tiiermal infrared sensor, G is 
needed to be small and C is needed to be decreased. 
Rom this point of view, a heat-ser^sitive part, in which a 
Mi junction is placed, is constructed to have a mem- 
txane structure of several microns thickness so that the 
heat capacity C and tiiermal conductance G in relation 
to a sut)strate deaease, resulting in improvement in 
sensitivity and response rate of a thermopile-type tfier- 
mal infrared sensor. 

[0004] A figure of merit Z for a thermoelectric ele- 
ment such as a ttiermopile is expressed as follows: 

Z=a^ • a/Xocm*^(n/XL) (4) 

where, a is Seebeck coeif ident a electrical oonductiv- 
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ity. X tiiermal conductivity, m* effective mass, ii mobility 
of carrier, and Xl tiiermal conductivity of lattice. 
[0005] Accordingly, in order to improve electrical 
characteristics of a thermoelectric element, Seebeck 
coefficient a and electrical conductivity a are needed to 
be inaeased while thermal conductivity X needed to be 
decreased. Therefore, a semiconductive material hav- 
ing large figure of merit Z compared to melal is 
employed as a thermoelectiic material. 
[0006] On the other hand, a Seebeck coefficient a 
of n-type silicon as a thermoelectric material is 
expressed as fbllows: 

a = (Vp/T + 2kAi) (5) 

wherein V^: is energy difference between a bottom of 
conduction t>and and Fermi level, T ak)solute tenpera- 
ture, k Boltzmann*s constant, and q electron cfiarge. 
[0007] Tlie relation between Vp and electrical con- 
ductivity a is expressed as fblkMvs: 

a = q • n • (6) 

where, n is number of carriers and |i mobility of carrier. 

n = N^exp(VpykT) (7) 

wherein N^ is effective density of states (quoted from 
"semiconductor devtce" written by S.M. Sze). 
[0008] Consequentfy. electrical conductivity is 
eocpressed as follows: 

a = q • N,. • M/exp(Vp/kT) (8) 

[0009] According to equation (8). there is a tradeoff 
relation between a and a . That is, when Vp is increased 
for attempting to increase Seebeck coefficient a, 
number of carriers n is decreased, causing a to 
decrease Thermal conductivity X of single crystalline 
silteon markedly depends upon tiiermal conductivity of 
lattice, which is very high because silkxxi atoms are 
bonded by covalent kx>nding with each other. While, 
tiiermal conductivity of lattice decreases witii decreas- 
ing crystaliinity of a crystal such as polycrystalline sili- 
cone, in wNch }i also decreases, causing a to decrease. 
Consequently, performance parameters of tfiermoelec- 
tric material are parameters such as impurity concentra- 
tion, crystaitinrty. size of thermoelectric element, and 
number of thermopiles, for which tfie most suitable 
design is required. 

[0010] As a conventional example hk). 1 of a ther- 
mopile, a thermopile attempted to t>e highly sensitive, 
produced by a process containing: laminating thin films 
of Si02 and SiN on a single crystalline silicon substrate 
by using semiconductor photolithography processing 
technology; employing a combination of p-type poly- 
aystalline silicon-Au/Cr and n-type polycrystalline sili- 
oon-Au/Cr as a thermoelectric material; and forming 
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hollow i3ortk>ns by anisotropic etching off the substrate 
using Ettiylene Diamine Pyrocatechol (EDP) so as to 
allow a heat-sensrtive pan to have a membrane struc- 
ture, is reported ("A Silicon-Thennopile-Based Infrared 
Sensing Array for Use in Automated Manufacturing", 5 
IEEE Trans. Electron Devices, vol. ED-33 No. 1, pp 72- 
79. 1986). 

[0011] In Rg. 21, there is shown a conventional 
example Na 2 of a thernrx)pile attempted to k>e highly 
sensitive, which is disclosed in Japanese Patent Appli- 10 
cation Laid-open Ho. H3-191834. This tiiermopile is 
produced by a process containing the steps of: fbnming 
an epitaxial layer 21 on a single crystalline silicon sub- 
strate 20; forming a thermopile material of p-type diffu- 
sion layers 22 in the epitaxial layer 21; forming a is 
thernfK)pile material of n-type polycrystalline silicon lay- 
ers 24 thareon through a insertion of insulator 23; and 
connecting with the polycrystalline silicon layers 24 by 
forming an aluminum layer 25, thereby constructing a 
nfultiple layers^ermopile structure consisting of single 20 
crystalline sil'icon-aluminunrvpolycrystalline silicon. TNs 
is a thermopile, in which multiple layers of thermopile 
material are constructed so as to increase the number 
of thernfK)piles per unit area, ttieret>y attempting to 
achieve high output and chip size miniaturization. 2s 
[D012] However, the above conventional thermo- 
piles have problems as explained in tfie following. In the 
conventional example No. 1 of thermopile, thin fims of 
SiOg and SIN are laminated on a single crystalline sili- 
con substrate, and Au/Cr and polycrystalline silioon hav- 30 
ing a large Seet>eck coefficient are employed as 
thermoelectric material. Since Au has high thermal con- 
ductivity, dissipating of absorbed heat is large, resulting 
in an insufficient ratio of temperature rise at the light- 
receiving part. Accordingly, tfie problem is tfiat sufficient ss 
temperature rise cannot be obtained. 
[0013] Further, a p-type polycrystalline silicon is 
used as a thermoelectric material, in which the majority 
canier, i.a hole has low motility, causing high electrical 
resistivity. Consequentiy, S/N ratio, i.a ratio of output 40 
voltage to Johnson noise becomes low. causing the 
thermopile to have inferior accuracy when used as a 
noncorrtacting temperature sensor. Further, since a pat- 
tern of polycrystalline silicon thermoelectric material Is 
not arranged over a whole thin membrane part, bends 45 
and cracks are easily occurred in the film upon an ani- 
sotropic etching, causing a problem of deterioration in 
the yield. 

[0014] On the other hand, the conventional exam- 
ple Na 2 of thermopile has tried to solve the above so 
problem of tfie conventional example No. 1 and also to 
achieve higher sensitivity Single crystalline and poly- 
crystalline silicon are employed as the thernmelectric 
material, each of which is formed as a p-type and n-type 
semiconductor, respectively, and then, electromotive 55 
force polarity of which is set up to be reverse with each 
other, attempting to achieve higher sensitivity However, 
since ttie thermopile employs a p-type diffusion layer 



formed on a surface of single crystalline silicon sub- 
strate as one of the thennoelectric materials thereof, it 
has been needed to leave a single crystalline silicon 
arx:! an epitaxial layer having thickness of 5 pm or over 
including a thickness of the p-type diffusion layer. 
[0015] Seebeck coefficient of single crystalline sili- 
oon can be enlarged by controlling impurity concentra- 
tion and thermal conductivity thereof is higher 
compared to the other materials. Consequentiy, even if 
a thickness thereof is tNn as small as 1 0 |im, a thermal 
insulation t>etween a hot junction in a heat-sensitive part 
corrsisted of an absoit>ing film and a coki junction 
formed on the substrate is inferior, causing insufficient 
temperature rise per unit of infrared incident power at 
the heat-sensitive part, resultffig in tfiat the output volt- 
age becomes low. 

[0016] Further, even If the p-type and n-type poly- 
crystalline silicon are erTpk>yed as the thermoelectric 
material so as to inaease an apparent electromotive 
force, a hole that is a majority carrier in the p4ype poly- 
crystalline silicon layer has high resistivity caused by 
low mobility compared to that of an electron, resulting in 
a kiw S/N ratio, i.a tow ratio of output voltage to John- 
son noise compared to tfiat of n-type silicon, and caus- 
ing the thermopile to have inferior accuracy when used 
as a noncontacting temperature sensor as well as the 
conventional example No. 1. 

[QOIT] Furthermore, since a pattern of polycrystal- 
line silioon Is not arranged over a wfide thin film mem- 
brane part, a crack is easily occurred in flie film caused 
by concentration of stress upon an anisotropk^ etcfting, 
causing a problem of deterioration in the yieM. In addi- 
tion, since a suitat)le control of the impurity concentra- 
tion has not k)een disclosed, a sufftotent S/N ratio cannot 
be obtained for use in the thermopile sensor. 

SUMMARY OF THE INVEf^TION 

[0018] It is therefore an object of the present inven- 
tion to solve the atxjve problems and to provide an inex- 
pensive thermopile-type infrared sensor, in whk:h the 
S/N ratio, i.e. ratio of output voHage to Johnson noise, is 
increased, a flat and rigid membrane structure is formed 
therein, and an absorption characteristic as well as a 
production yield thereof are improved, and to provide a 
process for producing such a thermopile^type infrared 
sensor. 

[0019] In order to accomplish the above object, a 
first aspect of the present invention is to provide a ther- 
mopile-type infrared sensor, in whk:h tfiermoelectric 
elements are formed on a single crystalline silicon sub- 
strate containing a cavity therein, comprising: a first die- 
lectric film covering tiie cavity; a plurality of n-typ>e 
polycrystalline silioon layers formed on the first dielec- 
tric film, extending radially from tfie vk^inity of a chip 
center; and metal film layers formed in contact with the 
n-type polycrystalline silicon layers, v^erein hot junc- 
tions are formed at the chip central sxle and that cold 
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junctions at the chp peripheral side of the n-type poly- 
crystalline silicon layers, respectively, by contacting the 
n-type polycrystalline silicon layer and the metal film 
layer, and at least one series of thermoelectric elements 
is formed on the first dielectric f im by connecting alter- 
nately and successively, by the metal f Dm layer, said hot 
junction and cold junction of the neighboring n-type 
polycrystalline silicon layer. 

[0020] A second aspect of the present invention is 
to provide a thermopile-type infrared sensor, in which 
thermoelectric elements are formed on a single crystal- 
line silicon substrate containing a cavity therein, com- 
pr^ng: a first dielectric fflm covering the cavity: a 
plurality of n-type polycrystalline silicon layers formed 
on the first dielectric film, extending radially from the 
vicinity of a chip center; and metal film layers formed in 
contact with the n-type polycrystalline silicon layers, 
wherein hot junctions are formed at the chp central side 
and that cold junctions at the chip peripheral side of the 
n-type polycrystalline silicon layers, respectively, by 
contacting the n-type polycrystalline silken layer and 
the metal film layer, and at least one series of thermoe- 
lectrfo elements is formed on the first dielectric film by 
connecting alternately and successively, by the metal 
film layer, said hot junction and cold junction of the 
neightx>ring n-type polycrystalline silicon layer, and an 
infrared absorption f im is formed on a dielectric film that 
covers said series of thermoelectric elements. 
[0021] According to the first and second aspects of 
the present mvention, thermoelectric elements are radi- 
ally formed from the vicinity cf a chip center with distrib- 
uting uniformly on the dielectric f im so as to make the 
thermoelectric elements to be heat stress-resistant, and 
many thermoelectric elements are formed on the dielec- 
tric film followed by forming a series off thennoeleclric 
elements in which the thermoelectric elements are con- 
nected in series. theret>y improving an infrared detec- 
tion efficiency of ttie sensor. Thus, since the 
thermoelectric elements are radially formed on the die- 
lectric film, many thermoelectric elements can be 
formed on one surface, thereby improving the detection 
efficiency of the sensor. Further, the infrared absorption 
film is formed on the dielectric film that covers the series 
of thermoelectric elements, thereby further improving 
the detection efficiency of the sensor. 
[0022] A third aspect of the present invention is to 
provide a thermopile-type infrared sensor, in which ther- 
moelectric elements are formed on a single crystalline 
silicon sut)6trate containing a cavity ther^n. comprising: 
a first dielectric film covering the cavity; a plurality of n- 
type polycrystalline silicon layers formed on the first die- 
lectric film, said silicon layers firstly extending radially 
from a circumference in the vicinity of a chip center and 
secondly from a plurality of outer concentric drdes 
toward a chp periphery respectively and said formed 
silicon layers being situated to form a complementary 
pattern with each other; a second dielectric film cover- 
ing the n-type polycrystalline silicon layers and the first 



dielectric film; contact holes formed in the second die- 
lectric fflm; and metal f Dm layers formed in contact with 
the n-type polycrystalline silicon layers through the con- 
tact hole, wherein hot junctions are formed at the chip 

5 central side and that cold junctions at the chip periph- 
eral side of the n-type polycrystalline silicon layers, 
respectively, by contacting the n-type polycrystalline sD- 
icon layer and the metal film layer through the contact 
hole, and at least one series of thermoelectric elements 

10 is formed on the first dielectric film by connecting alter- 
nately and successively, by the metal film layer, said hot 
junction and cold junction of the rteighboring n-type 
polycrystalline silicon layer, and an infrared at>sorption 
film is fonned on a dielectric f Dm that covers said series 

IS of thermoelectric elements. 

[9023] A fourth aspect of the present invention is to 
provide a thermopile-type infrared sensor, in which ther- 
moelectric elements are formed on a single crystalline 
silicon substrate containing a cavity therein, comprising: 

20 a first dielectric fim covering the cavity formed in the 
single crystalline silicon sut>strate; a plurality of n-type 
polycrystalline silicon layers formed on the first dielec- 
tric fim, said silicon layers firstly extending radially from 
a circumference in the vicinity of a chip center and sec- 

25 orvJIy from a plurality of outer concentric drdes toward 
a chip periphery respectively and said fonned silicon 
layers t>eing situated to form a complementary pattem 
with each other; a second dielectric film formed on the 
n-type polycrystedline sDicon layers and the first delec- 

30 trie fDm; contact holes formed in the second dielectric 
fDm; metal film layers formed in cornact with the n-type 
pdycrystalline silicon layers through the contact holes; 
hot and cold junctions formed at the chip central side 
and the dup peripheral side of a plurality of the n-type 

35 pdycrystalline silicon layers, respectively. t)y contacting 
the metal film layer and the n-type polycrystalline silicon 
layer through the contad hde; a series of thermoelec- 
tric elements formed tyy connecting alternately and suc- 
cessively said hot junction and cold jurx;tion t)y the 

40 metal fDm layer; a third dielectric fDm formed on the sec- 
ond dielectric film and the metal film layers; an infrared 
at)sorption fDm formed on the third dielectric fflm so as 
to cover the hot junctiorts; and electrode pads formed at 
ends of the series of thermoelectric elements. 

45 [0024] According to the third arxJ fourth aspects off 
the present inventfon, the n-type polycrystalline silicon 
layer containing many canriers, i.e. electrons having 
higher mot>ility than that of holes of p-type silicon is 
used as a thermoelectric material. Impurity concentra- 

50 tion, temperature upon formation of the polycrystalline 
silicon and the crystallinity are controlled, thereby 
decreasing the lattice thermal conductivity and suitat)ly 
controlling the Seet)eck coefficient a and conductivity a. 
The n-type pdycrystalline silicon is used as the thermo- 

55 electric material, allowing high mobility of electrons to 
be used and low electrical resistance to be obtained 
under the same Seebeck coeff ident. thereby improving 
the S/N ratio, i.e. ratio of output voHage to Johnson 
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noise. Further, a pattern layout of the n-type polyaystal- 
line silicon layer is placed ever a whole membrane part 
as a striped pattern and the hot junctions are formed on 
the three concentric circles of the radial striped pattern, 
thereby relaxing and dispersing stresses in the mem- 
brane part due to the polycrystalline silicon layer, and 
deaeasing cracks and bends that occur at the menh 
brane part and improving a yield ifXKi an anisotropic 
etching. 

[0025] A fifth aspect of the present invention is to 
provide a thennopile-type infrared sensor, in which ther- 
moelectric elements are formed on a single crystalline 
silicon substrate containing a cavity therein, comprising: 
a first dielectric film covering the cavity: a plurality of n- 
type polycryslalline silicon layers formed on the frst die- 
lectric film, said silicon layers firstly extending radially 
from a circumference in the vicinity of a chq^ center and 
secondly from a plurality of outer concentric circles 
toward a chip periphery respectively and said formed 
silicon layers being situated to fbmn a complementary 
pattern with each other; metal film layers formed in con- 
tact with the n-type polycrystalline silicon layers; hot and 
cold junctions formed at the chip central side and the 
chip peripheral side of the n-type polycrystalline silicon 
layers, respectively, by contacting the n-type polycrys- 
talline silicon layer and the metal film layer; a series of 
thermoelectric elements formed on the first dielectric 
film, in which the metal film layer connected with the hot 
junction extends on the first dielectric film and connects 
with the ooU junction on a neighboring n-type polycrys- 
talline sil'icon layer, thereby connecting the hot junctfon 
and the cold junction alternately and successively; and 
an infrared at>sorption film formed on a second dielec- 
tric film ttiat covers the series of thermoelectric ele- 
ments. 

[P026] AccorcOng to the fifth aspect of the present 
invention, the metal film layer tftat makes connection 
between the hot and cold junctions is formed on the first 
dielectric film, allowing to save the formation of a sec- 
ond dielectric film and contact holes formed therein, 
thereby reducing the man-hour. 
[00271 A sixth aspect of the present invention is to 
provide a thermopile-type infrared sensor, in which ther- 
nrmlectric elements are formed on a single crystalline 
silicon substrate containing a cavity therein, comprising: 
a first dielectric film covering the cavity; a plurality of first 
n-type polycrystalline silicon layers formed on the first 
dielectric film, said silicon layers firstly extending radially 
from a circumference in the vidnity of a chip center and 
secondly from a plurality of outer concentric drdes 
toward a chip periphery respectively and said formed 
silicon layers being situated to form a complementary 
pattern with each other; a second dielectric film cover- 
ing the first n-type polycrystalline silicon layers and the 
first dielectric film; a plurality of second n-type polycrys- 
talline silicon layers formed on the second dielectric 
film, having the same pattern as a pattern of the first n- 
type polycrystalline silicon layers but shifted by half of a 



pitch toward the drcumference of a ch'p; a third dielec- 
tric film covering the second n-type polycrystalline sili- 
con layers; contact holes formed on the second and 
third dielectric films covering the first and second n-type 

5 polycrystalline silicon layers, respectively; metal film 
layers formed in contact with the first and second n-type 
polycrystalline silicon layers through the contact hole; 
hot and cold junctions formed at the chip central side 
and the chip peripheral side, respectively, of the f irst and 

10 second n-type polycrystalline silicon layers t>y contact- 
ing the first and second n-type polycrystalline silicon 
layers and the metal film layer through the contact hde; 
a series of thermoelectric elements formed by connect- 
ing alternately and successively said hot junction and 

IS cold Junction of the neighboring n-type polycrystalline 
silicon layer tiy the metal film layer; and an infrared 
absorption film formed on a dielectric film that covers 
the series of thermoelectric elements. 
[002Q] According to the sixth aspect of the present 

20 invention, a pattern lafyout is formed to have double lay- 
ers of the n-type polycrystalline silicon, enlarging an 
area of the n-type polycrystalline silicon layer, thereby 
redudng the resistivfty thereof and improving the S/N 
ralfo. 

25 [0029] Preferably, a crystallographic plane of the 
single crystalline silicon substrate is (100). thereby pro- 
viding an advantage to a formation of the cavity in the 
suk>strate by an an^otropic etching. 
[0030] Preferably, the n-type polycrystalline silicon 

30 layers radially placed from a chfp center have combina- 
tion of fan-shaped patterns extending toward a chp 
periphery, theret>y redudng a resistivity of the n-type 
polycrystalline silicon layers t>etween the hot and cold 
junctions due to a wide width of a pattern of the n-type 

3S polycrystalline silicon layers and improving the S/N ratfo 
of the thermopile elements. Further, since the n-type 
polycrystalline silicon layers are formed on a whole sur- 
face of the n^embrane, a stress-resistant structure of the 
thermopile elements is obtained. 

40 [0O31] Preferably, the hot junctions are placed on 
concentric drdes of radius r-i, r2 and r3 with respect to a 
chip center in a relation of r-i < re <r3. thereft}y redudng 
the resistivity of the n-type polycrystalline silicon layers 
composing each thermoelectric element and providing 

45 an infrared sensor having high S/N ratfo since a part on 
the membrane to be heated by the incident infrared ray 
is drcularly distrilHited aromd the chip center so as to 
generate the output voftage effectively. 
[P032] Preferably, the infrared absorption film 

so fonned on the series of thermoelectric elements con- 
sists of one memt>er selected from the group consisting 
of borosilicate glass, polyimide resin, vinyl resin and 
aaylic resin, thereby a dielectric film made by glass, 
such as tx>rosilicate glass, is annealed and mefted to 

55 reduce pin-holes. The tx>rosilicate glass extends a 
wavelength region in which infrared ray is at>sorbed. In 
case of using resin, since an at)sort>ency of the infrared 
ray is increased and the wavelength region in which 
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infrared ray is absorbed is extended, a sensitivity of the 
infrared sensor can be inrproved. 
[0033] Preferably, the dielectric film covering the 
series of thermoelectric elements consists of two layers 
of phosphosilicate glass and SiN. thereby relaxing a 
stress of the membrane pan. 
[0034] Preferably, the first dielectric film consists of 
two layers of Si02 and SiN. or three layers consisting of 
a SiN layer sandwiched by Si02 layers, thereby relaxing 
a stress of the membrane part In addition, these layers 
serve as an etch-stop layer upon a formation of the cav- 
ity. 

[0035] Preferably, perpheral portions of the n-typ>e 
polyoystalline silicon layers are formed in a step-shape 
except portions on which the hot and cold junctions are 
formed, thereby solving a problem of step coverage and 
reducing a thickness of the metal film layer to be in con- 
tact with the polycrystalline silicon. TTius, a stress in the 
metal film layer is reduced, allowing fbrmsttion of a flat 
membrane to be easily done and improving the yield. 
[0036] Preferably, cross sections off periphery of the 
n-type polycrystalline silicon layers are in a tapered- 
shape. thereby solving the prot)tem of step coverage. 
Thus, a disconnection of the metal f flm layer that makes 
connectk)n between the hot and coU junctions does not 
occur and a thickness of the metal f im layer can be 
reduced, thereby alk]wing formation of a flat memt>rane 
to t>e easily performed and improvir^ the yield 
[0037] Preferat}ly, a resistivity of the n-type poly- 
crystalline silicon layers is 1 to 10 mO • cm, thereby the 
trade-off relationship between the Seebeck coefficient 
and the electrical resistivity can be suitably controlled. 
That is, when the resistivity of the n-type polycrystalline 
silicon layers is less than 1 mQ • cm, the Seebeck coef- 
f k;ient becomes small causing a practical output voltage 
not to k>e obtained, and when more than 10 m n • cnri, 
the Seebeck coefficient t)ecomes large but a tempera- 
ture coefficient of the Seebeck coeff ident and Johnson 
noise also become large, causing the S/N ratio to 
decrease. Therefore, the resistivity of the n-type poly- 
crystalline silicon layers is preferably 1 to 10 mO • cm. 
[0038] Preferably, the dielectric film covering the 
series of thermoelectric elements contains at least one 
member selected from the group consisting of SiO^, 
SiN. SifMO. phosphosilk»te glass. AI2Q3 and SIALON. 
[0039] The passivation film consisting of a combi- 
nation among Si02. SiN. and SiNO is used, thereby 
relaxing a stress of the memtxane part, improving an 
airtight property thereof and allowing a flat mentxane to 
be formed. Further, at least one member selected from 
the group consisting of PSG. AI2O3 and SIALON is used 
followed by formation of the phosphosilicate glass, 
thereby relaxing a stress of the membrane part 
[0040] Preferably, the metal film layer consists of at 
least one member selected from the group consisting of 
Al, Cr.Ta, li/lo, W and NiCr. 

[0041] At least one member selected from the 
group consisting of Al, Cr. Ta, Mo, W, W-alk>y and NiCr, 
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which has low thermal conductivity and has good adher- 
ence with the Si02 dielectric layer, is used as a material 
of the metal film layer to be in contact with the n-type 
polycrystalline silicon layers, thereby minimizing a dissi* 

5 pation of heat from the heat-sensitive part increasing a 
temperature rise in the heat-sensitive part and contrib- 
uting to the mass production. 
[0042] Preferably, a surface of the infrared absorp- 
tion fim has a striped pattern having unevenness. 

TO therek>y Inaeasing the absort>ency of the infrared ray k>y 
reducing the reflection of the infrared ray. 
[0043] Preferably, the thermopile-type infrared sen- 
sor is enclosed in a package, a window consisting of an 
infrared-transmissft)le filter ts mounted at an opening 

15 formed on a cap of the package, a shape of the window 
is quadrilateral or hexagonal, the opening fits with the 
window, and notches formed at each comer of the 
opening are placed outside compared to intersection 
points among each skJe of the quadrilateral or hexago- 

20 nal. 

[0044] Preferat)ly, the thermopile-type infrared sen- 
sor is enclosed in a package, a window consisting of an 
infrared-transnrissible titer is nx>unted at an opening 
formed on a cap of the package, a sfiape of the wirxiow 

25 is quadrilateral or hexagonal, the opening fits with the 
window, and holksws formed at each corner of the open- 
ing position and mount the window. 
[0045] The shape of the window fits with that of the 
opening formed on the cap of the package, theretiy the 

30 window is fitted Id the opening to be fixed therein. 
Cun^ notches are formed in the opening at whk;h oor* 
ners of the window are fitted to so as to minimize a gap 
as small as possUe. There is provided a fK>ik>w at each 
corner of the opening, and the window Is fitted into the 

35 opening, abutting each corner off the window on the bot- 
tom of the holtowfoltowed kiy gluing, thereto frmly fixing 
the window with the cap. 

[0046] A seventii aspect of the preserrt invention is 
to provide a process for producing a themiopile-type 

40 infirared sensor comprising the steps off: forming a first 
dielectric f Om on both sides off a single crystalline silicon 
substrate by thermal oxidation, chemical vapor deposi- 
tion or sputtering; depositing a polycrystalline silicon 
layer on ttie first cfielectrk; film by chemical vapor depo- 

45 sitk>n or sputtering; forming a n-type polycrystalline sili- 
con layer having resistivity of 1 to 10 ma • cm by 
diffusing impurities into the polycrystalline silicon layer; 
patterning the n-type polycrystalline silicon layer so as 
to have a set of patterns consisting of patterns radially 

50 extending in striped shape from a fan-shaped pattern 
formed t)etween radii r^ and 12 around a dtvp center up 
to tiie vicinity of a periphery of the substrate, patterns 
radalty extending in striped shape toward outside from 
t2 up to the vicinity of the periphery of the substrate, and 

55 patterns radially extending in striped shape toward out- 
side from r3 up to the vidnity of the periphery of the sut>- 
strate; fbmning a second dielectric fOm on a plurality of 
the patterned n-type polycrystalline siGcon layers and 



6 



11 EP1 039280 A2 12 



the first dielectric film by chemical vapor deposition, 
glass coating or sputtering; forming contact holes on the 
second dielectric film at which hot and cold junctions to 
be formed; depositing a metal film layer by sputtering or 
vacuum evaporation after forming the contact holes; 5 
patteming the metal film layer, then making ohmic con- 
tact between the n-type polycrystalline silicon layers 
and the metal film layers at the contact holes and then, 
forming a series of thermoelectric elements t>y connect- 
ing each thennoelectric element consisting of a pair of 
hot and cold junctions in series; forming a third cGelectric 
film on the metal film layeis and on the second CGelectric 
film and forming an infrared at>sorption film at the chip 
center; and forming an opening in tfie first dielectric film 
formed on the back of the single crystalline silkx)n sut>- 
strate, followed by forming a cavity in the back of the sin- 
gle crystalline silicon sut)strate by etching and then, 
followed by exposing the first dielectric film from the 
back of the single crystalline silicon substrata 
[0047] A eighth aspect of the present invention Is to 
provide a process for producing a thermopile-type infra- 
red sensor comprising tfie steps of: forming a first die- 
lectric film on both sides of a single crystalline silicon 
substrate by thermal oxidation, chemical vapor deposi- 
tion or sputtering; depositing a polycrystalline silioon 
layer on tfie first dielectric fQm t)y chemical vapor depo- 
sition or sputtering; forming a n-type polyaystalline sili- 
con layer having resistivity of 1 to 10 mQ • cm by 
diffusing impurities into the polycrystalline silioon layer; 
patteming the n-type polycrystalline sificon layer so as 
to have a set of patterns consisting of patterns radially 
extending in striped shape from a fan-shaped pattern 
formed between radii r-i and r2 around a chip center up 
to the vicinity of a periphery of the substrate, patterns 
radially extending in striped shape toward outside from 
up to the vicinity of the periphery of the sut)strate, and 
patterns radially extending in striped shape toward out- 
side from rs up to the vk^inity of the periphery of the sub- 
strate, and then, a part of thus pattenied n-type 
polycrystalline silicon layers is etched so as to have 
mesa shape; patterning by using a pattem tfiat is larger 
than the pattem of said mesa shape n-type polycrystal- 
line silkx>n layers but similar in shape, followed tiy etch- 
ing with the exception of the n-type polycrystalline 
silicon layers situated near the periphery of said mesa 
shape n-type polycrystalline silicon layers, thereby 
forming a tapered and step-like shaped n-type polycrys- 
talline siricon layers; fomning a second dielectric film on 
said step-like shaped n-type polycrystalline silicon lay- 
ers, then fonning contact holes on the second dielectric 
film at which hot and oM junctions to be formed; form- 
ing a metal film layer by sputtering or vacuum evapora- 
tion; patterning the metal film layer, then making ohmic 
contact t>6tween said step-like shaped n-type polycrys- 
talline silicon layers and the metal film layers at the con- 
tact holes and then, forming a series of thermoelectric 
elements by connecting each thermoelectrk; element 
consisting of a pair of hot and cokJ Junctions in series; 



forming a third dielectric film on the metal film layers and 
the second dielectrk; film, then forming an infrared 
absorption film on the third dielectric f Im; and forming a 
cavity in the back of the single crystalline silicon sub- 
strate, then exposing the first dielectrk; film from the 
back of the single crystalline silkxHi substrata 
[0048] A nintii aspect of tfie present inventbn is to 
provide a process for producing a thermopile-type infra- 
red sensor comprising the steps of: forming a first die- 
lectric film on both skies of a single crystalline silioon 
substrate by thermal oxidation, chemical vapor deposi- 
tion or sputtering; depositing a first polycrystalline sili- 
con layer on tfie first dielectrk: film by chemical vapor 
deposition or sputtering; patterning the first polycrystal- 
line silioon layer so as to have a first pattern consisting 
of patterns radially extending in striped shape from a 
fan-shaped pattem formed between radii r^ and r2 
around a chip center up to the vicinity of a periphery of 
the substrate, patterns radially extending in striped 
shape toward outskle firom re up to the vk»nity of the 
periphery of the sut>strata and patterns radially extend- 
ing in striped shape toward outside from rs up to the 
vk;inity of the periphery of the sit>strate. then depositing 
a second polycrystalline silk»n layer arxJ then, forming 
a first n-type polycrystalline silkxxi layer having said first 
pattern and a second n-type polycrystalline silicon layer, 
both having resistivity of 1 to 10 mn * cm, by doping 
impurities; patteming the second n-type polycrystalline 
silicon layer by using a second pattern that is larger than 
said first pattem txjt similar in sfiape, theret)y forming 
the periphery of rvtype polycrystalline silicon layers 
formed by using said second pattern to k>e tapered and 
step-sfiaped; forming a second dielectric film on the n- 
type polyaystalline silkx>n layers formed by using said 
second pattem, then forming contact holes on the sec- 
ond dielectric fim at which fiot and cold junctions to be 
formed; forming a metal film layer by sputtering or vac- 
uum evaporatk>n; patteming the metal film layer, then 
making ohmk; contact between the n-type polycrystal- 
line silicon layers and the metal film layers at the contact 
holes and then, fbnming a series of thermoelectric ele- 
ments by connecting each thermoelectric element con- 
sisting of a pair of hot and cokJ junctions in series; 
forming a third dielectric film on the metal film layers and 
the second dielectrk: film, then forming an infrared 
absorption film on the third dielectric f imrarxJ forming a 
cavity in the back of the single crystalline silicon sut>- 
strate, then exposing the first dielectric film from the 
back of the single crystalline silkxxi substrata 
[0049] A tenth aspect of the present invention is to 
provkie a process for producing a tiiermopile-type infra- 
red sensor comprising the steps of: forming a first die- 
lectric film on both skies of a single crystalline silioon 
sut>strat6 by thermal oxklation, chemical vapor deposi- 
tion or sputtering; depositing a first polyaystalline sili- 
con layer on the first dielectric film by chemical vapor 
deposition or sputtering; forming a first n-type polycrys- 
talline silkx>n layer having resistivity of 1 to 10 mn • cm 
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by diffusing impurities into tfie first polycrystalline silicon 
layer; patterning the first n-type polycrystalline silicon 
layer so as to have a first pattern consisting of patterns 
radially extending in striped shape from a ^n-shaped 
pattern fomned t>etween radii r-i and r2 around a chip 
center up to the vicinity of a periphery of the substrate* 
patterns radially extending in striped shape toward out- 
side from r2 up to the vicinity of the periphery of the sub- 
strate, and patterns radially ectending in strped shape 
toward outside from r3 up to the vicinity of the periphery 
of the substrate; forming a second dielectric film on a 
plurality of the patterned first n-type polycrystalline sili- 
con layers and on the first dielectric film by chemical 
vapor deposition, glass coating or sputtering; depositing 
a second polycrystalline silicon layer on the second die- 
lectric f im, then doping the second polycrystalline sili- 
con layer with impurities, thereby forming a second n- 
type polycrystalline silicon layer having resistivity of 1 to 
10 ma * cm; patteming the secorxt n-type polycrystal- 
line silicon layer so as to have a second pattern that is 
the same pattern in shape as the first pattern of the first 
n-type polycrystalline sificon layers but shifted by half of 
a pitch tcward the drcumference of a chip; forming a 
third dielectric film on the patterned first and second n- 
type polycrystalline silicon layers, then forming contact 
holes on the second or third dielectric film at which hot 
and cold junctions to k>e formed; forming a metal film 
layer on tfie third dielectric film; patteming the metal film 
layer, tfien making ohmic contact between the f rst and 
second n-type polycrystalline silicon layers and the 
metal film layers at the contact holes and then, forming 
a series of thermoelectric elements by connecting each 
thermoelectric element consisting of a pair of hot and 
cold junctions in series; forming a fourth dielectric film 
on the metal film layers and the third dielectric film, then 
forming an infrared absorption film on the fourth dielec- 
tric film; and forming a cavity in the back of the single 
crystalline silicon substrate, then exposing the first die- 
lectric film from the back of the single crystalline silicon 
sut)6trate. 

[0090] An eleventh aspect of the present invention 
is to provkie a process fbr produdng a therrTK)pile-type 
infrared sensor comprising the steps of: forming a first 
dielectric film on bdh sides of a single crystalline silicon 
substrate tiy thermal oxidation, chemnal vapor deposi- 
tion or sputtering; depositing a polycrystalline silicon 
layer on the first dielectric film by chemtoal vapor depo- 
sition or sputtering; forming a n-type polyaystalline sili- 
con layer having resistivity of 1 to 10 mn • cm by 
diffusing impurities into the polycrystalline silicon layer; 
patteming ttie n-type polycrysteiDine silicon layer so as 
to have a set of patterns consisting of patterns radially 
extending in striped shape from a fan-shaped pattern 
formed between radii r^ and r2 arourxi a chip center up 
to the vicinity of a periphery of the sut>strate, patterns 
radially exterxJing In sfriped sfiape toward outskie from 
r2 up to the vicinity of the periphery of the substrate, and 
patterns radially extending in striped shape toward out- 



side from rs up to the vicinity of the periphery of the sub- 
strate; forming a metal film layer on the first dielecfrk; 
fflm and the patterned n-type polycrystalline silicon lay- 
ers; patterning the metal film layer, then making ohmic 

5 contact between the n-type polycrystalline silicon layers 
and the metal film layers so as to form hot and coM junc- 
tions and tiien» forming a series of thermoelecbic ele- 
ments kyy connecting each thermoelectric element 
consisting of a pair of hot and cold junctions in series 

/o through the metal fOm layer; forming a secorxj cfieiectric 
fflm on tfie first dielectiic film, the metal film layers and 
the patterned n-type polycrystalline silkxm layers, then 
forming an infrared at)sorptk>n film on the second die- 
lecfric film at a chp center; and forming a cavity in the 

IS back of the single crystalline silkx>n substrate by etch- 
ing, then exposing the first dielectric f Qm from the back 
off the single crystalline sificon substrate. 
[Q051] Preferably, the infrared absorptfon fim 
formed on the series of thermoelecfric elements con- 

20 sists of one member selected from tfie groip consisting 
of borosilicate glass, polyimkie resin, vinyl resin and 
aayTK^ resin. 

[0052] Preferably, the process further comprises a 
step of k>aking the infrared at>sorption film so as to make 

25 a suriace thereof have an uneven sfriped pattern, 
thereby improving the absort)ency of infrared ray. 
[0053] Preferably, a thickness of the infrared 
at>sorptionfilm is 1 to 15 |im and an unevenness of 1 to 
10 ^m is formed on a surface of the infrared ak>sorption 

30 film. 

[0054] If the thKkness of the infrared absorption film 
is nfK>re than 15 ^m, ttie absorption efficiency deterio- 
rates. If the size of unevenness is more than 10 pm, the 
at)Sorption efficiency deteriorates. 

35 [0055] In ttie aforementioned process for producing 
a themiopile-type infrared sensor, a temperature of 600 
to TOO^C is used upon formation of the polycrystalline 
silkx>n layer by tow-pressure CVD, theret^y promoting 
crystallization of silicon to form ttie polycrystal, raising 

40 the carrier mobility, deaeasing the resistivity of the poly- 
crystalline silicon film, increasing the Seebeck coeffi- 
cient, and improving the S/N ratio. 
[0056] The hot junctions of the thermoelecfric ele- 
ment are placed on ttie concentric circles, ttiereby 

45 redudng ttie resistivity of the n-type polycrystalline sili- 
con layers composing each thernK>electric element and 
providing an infrared sensor having high S/N ratio since 
a part on the membrane to be heated by the incident 
infrared ray is drcutariy disfri)uted around the chip 

so center so as to generate the output voltage effectively. 
The layout of ttie n-type polycrystalline silicon layers is 
formed in such a manner tfiat the hot junctions are 
placed on the concenfrk; circles having radius r^ , r2 and 
r3 witti respect to a chip center in a relation of r^ < r2 < 

55 ra, thereby preventing concentration of sfress from 
oocum'ng in the membrane due to the formation of the 
n-type polycrystalline silicon. 
[0057] The ttiermopile-type infrared sensor acoord- 
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ing to the present invention is used in such a manner 
that the thermopile element (chf>) is mounted on a sub- 
strate, or is packaged in a package. In the present 
inventk)n. a metallic case or a ceramic package made of 
a material such as AI2O3 and AIN is employed as the 5 
package, thereby enat)ling the chip to follow a change of 
atmospheric temperature, preventing a temperature dis- 
trixjtion in the package from occurring, and enabling an 
accurate temperature compensation at the cold junction 
to be carried out. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0058] 

Figure 1 is a partly broken perspective view illus- 
trating prefenred embodiment No. 1 of thermopile- 
type infrared sensor according to the present nnven- 
tkHi; 

Figure 2 is a schematic representatkNi iilustrating a 
thermopile-type infrared sensor aocoiding to the 
present inventbn; 

Figure 3A is a plan view of the thermopiie-type 
infrared sensor shown in Fig. 1 ; 
Figure 3B is a secttonal view taken along X-X line in 
Fig.3A; 

Figure 4 is a partly enlarged plan view of the ther- 
rrx)pile-type infrared sensor shown in Rg. 1 ; 
Figures 5A, SB, 5C and 5D are sectk>nal views 
taken atong A-A, B-B, C-C and D-D lines in Fig. 4, 
respectively; 

Figure 6A is a schematic sectional view illustrating 
one embodiment of a thermopile-type infrared sen- 
sor according to the present invention; 
Figure 6B is a schematic sectional view illustrating 
anotiier embodiment of a thermopile-type infrared 
sensor according to the present invention; 
Figure 7 is a partial plan view illustrating prefenred 
embodiment No. 2 of thermopile-type infrared sen- 
sor according to the present invention; 
Figure 8 is a partiy enlarged plan view of the ther- 
mopile-type infrared sensor shown in Rg. 7; 
Figures 9A, 9B, 9C and 9D are sectional views 
taken atong A-A, B-B, C-C and D-D lines m Rg. 8, 
respectively: 

Figure 10 is a partly enlarged plan view illustrating 
preferred embodiment Na 3 of thermopile-type 
infrared sensor according to ttie present invention; 
Figures 11A. 11B. 110, IIDand 1 1 E are sectional 
views taken along A-A, B-B. C-C, D-D and E-E lines 
in Fig. 10. respectively; 

Figure 12 is a partiy enlarged plan view illustrating 
preferred embocfiment 1^ 4 of thermopile-type 
infrared sensor according to the present invention; 
Figures 13 A. 13B and 130 are sectional views 
taken atong A-A, B-B and C-C lines in Rg. 12, 
respectively; 

Figures 14A and 14B are sectional views taken 



along D-D and E-E lines in Rg. 12. respectively; 
Rgure 15 is an exploded perspective view illustrat- 
ing a package structure, in which a thermopile ele- 
ment is accommodated in a stem; 
Rgures 16A and 160 are front views of a cap for 
accommodating tfie thermopile element, and Figs. 
16B and 16D are sectional views of the cap; 
Rgures 1 7A and 17B are partly broken perspective 
views of the cap viewed from the k>ack arxi front, 
respectively; 

Rgures 18A and 18B are exploded perspective 
views illustrating a package structure, in which a 
ttiermopile element is accommodated in a ceramic 
package; 

Rgure 19 is a digital photograph illustrating striped 
shape unevenness formed on a surface of an infra- 
red atisorption film; 

Rgures 20A and 20B are infrared absorption spec- 
tra of thermopile-type infrared sensor according to 
tiie present invention; and 
Rgure 21 is a perspective view illustrating a primary 
part of a conventional thermopile element 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[P059] In the following, tiie preferred embodiments 
of thermopile-type infrared sensor and process for pro- 
ducing the same according to the present invention are 
explained wifli reference to the preferred etrtoliments 
No. 1 to 4 as well as the attached drawings. 

Prefen-ed Embodiment No. 1 

[0060] The preferred embodiment No. 1 is 
explained with reference to Figs. 1 to 6. Figure 1 is a 
partly broken perspective view illustrating a ttiermopile 
element (chip) of a thennopile-type infrared sensor 
according to the preferred embodiment Na 1; Figure 2 
is a schematic representation illustrating connections 
t>etween each thermoelectrk: element of a th^mopile- 
type infrared sensor; Figure 3A is a plan view of the 
pdycrystalline silicon layer sficwn in Rg. 1, in which a 
dielectric film, a passivation film, a resin absorption film 
and the like are not shown; Rgure 3B is a sectional view 
taken along X-X line in Rg. 3A. in which a dielectric fBm 
is formed; Figure 4 is a partly enlarged plan view illus- 
trating an outiine of the ttiermopile-type infrared sensor 
according to the preferred embodiment No. 1 ; Rgures 
5A. 5B. 50 and 5D are sectional views taken along A-A, 
B-B, C-C and D-D lines in Rg. 4. respectively, in which 
each dielectric film is formed; Rgures 6A and 6B are 
schematic sectional views each illustrating an embodi- 
ment of a thermopile-type infrared sensor, in wNch a 
passivation film and an infrared at>sorption film are 
formed in the thermopile element. 
[pO€11 As shown in Fig. I.acavity 13isformedina 
single aystalline siKcon sUbstrate 1 and a dielectric f am 
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2a is forined in such a manner that the dielectric film 2a 
covers the cavity 13. thereby forming a membrane 14. 
Radial n-type polycrystalline silicon layers are formed 
on the dielectric film 2a that covers the cavity 13. and 
hot and cold junctions are formed at wN'ch the n-type 
polycrystalline silicon layers are in contact with film lay- 
ers of melal such as aluminum. The hot junction and 
cold junction of the neighboring n-type polycrystalline 
silicon layer are alternately and successively connected 
by the metal fim layer to form a series of thermoelectric 
elements on the dieleclric f Om 2a. The hot junctions are 
formed on the dielectric film 2a on the cavity 13 and the 
cold junctions 2b are formed on the dielectric film 2a m 
the single crystalline silicon sut>strate 1 . Leads from the 
series of thermoelectric elements are connected to 
electrode pads 12 formed at the outside of the polycrys- 
talline silicon layer. Thus, the dielectric film 2a is formed 
in such a manner tfiat the dielectric film 2a covers the 
cavity 13 formed in the single crystalline silicon sut>- 
strate 1. and a heat-sensitive part consisted off the 
series of thermoelectric elements is formed on the die- 
lectric film 2a. Further, as explained later on. a passiva- 
tion film arKi an infrared absorption film are formed in 
such a manner that they cover the heat-sensitive part 
[0062] In the following, connections between each 
thermoelectric element are explained with reference to 
Rg. 2. As shown in Rg. 2. n-type potycrystalHne silicon 
layers 3^. 32 and 33 are formed in an IslarKl-shape. A 
hot junction Ta of 3i is connected to a cold junction Tb 
of 32 tiy the metal film layer 7. in addition, the hot junc- 
tion Ta of 32 is connected to the cold junction Tb of 33 by 
the metal film layer 7. Thus, the hot junction Ta of a n- 
type polycrystalline silicon layer is connected to the cold 
junction Tb of an adjacent n-type polycrystalline silicon 
layer by the metal fim layer 7. theret>y the thermoelec- 
tric elements are connected in series t>y the metal film 
layers 7 to form the series of thermoelectric elements, 
terminals of which are connected to the electrode pads 
12. 

[0063] As shown in Rg. 3. regarding a pattern of the 
thermopile-type infrared sensor accordirtg to the pre- 
ferred embodiment No. 1. n-type polycrystalline silicon 
layers 3i. 32 and 33.and metal film layers 7^, 72 and 73, 
which work as electrical wiring, are formed radially, 
thereby forming a series of thermoelectric elements. For 
exanrple. four hot junctions Ta are formed on a circum- 
ference in the vicinity of the chip center, 36 hot junctions 
on a circumferenoe of the outside concentric drde and 
40 ffiot junctions on a circumference of the further out- 
side concentric drde. Eighty cold junctions Tb of these 
thermoelectric elements are formed, which is the same 
number with the number of the hot junctions, at the 
periphery off the chip on the dielectric film formed on the 
single crystalline stl'icon substrate 1 . Thus, the thermoe- 
lectric elements are radially formed with respect to the 
chip center. 

[0064] The pattern of the thermopile-type infrared 
sensor consists of a combination of patterns of island- 



like n-type pdyaystalline silicon layers 3^ , 32 and 33, in 
which the n-type polyaystalfine silicon layer 3i consists 
of a fen-shaped pattern, a pivot of which is the ch'^ 
center, and a pattern of a striped shape part that 

5 exterxls from the fen-shaped pattern to the periphery of 
the chip. The striped shape part is a hook-shaped n- 
type pdycrystaOine silkxm layer, the width of which near 
the chip periphery is targe except the portion comple- 
menting the other pattera A hook-shaped n-type pdy- 

10 crystalline silicon layer 32 is pfeced to complement the 
n-type polycrystalline silicon layer 3i at a notched posi- 
tion thereof, while a striped shape n^ype pdycrystailine 
silicon feyer 33 is placed for complementing the n-type 
polycrystalline silicon feyers 3i and 32 at notched posi- 

15 tionsthereof. A width of a pattern of the n^ype polycrys- 
talline silkx)n layer 33 becomes larger as approaching 
the chip periphery. The tK>t junctions Ta are formed at 
an end of the central skie of the ch'p containing these n- 
type polycrystalline silicon feyers 3i, 32 and 33, while 

20 tiie COM junctions Tb are formed at the ottier end skfe. 
Thus, these island-like patterns of n-type polycrystalline 
silicon layers are radfeHy situated uniformly on the die- 
lectric film 2a, ttiereby a stress dislribution off the mem- 
txane structure can be uniform. 

25 [0065] Figure 3B IS a sectional view taken along )t- 
X line in Fig. 3A, in which a sectional view of the cold 
junction Tb is shown. The rvtype pdyaysfelline silicon 
feyers 32 and 33 formed on the dielectric film 2a are cov- 
ered by a dielectric film A, in which contact holes 15 are 

30 fbrmed in the dielectric film 4. At each contact hole 15, 
a contact point at which the n-type polycrystalline sili- 
con feyer 32 or 33 makes an ohmic confect with the 
metal film layer such as an aluminum film feyer, is 
formed, thereby the coM junction Tb is formed at saki 

as contact point The hot junction Ta is formed in a sinrvlar 
manner, in whk:h the contact hole is formed in the cfie- 
lectric film 4 and then, the n-type polycrystalline silicon 
feyer makes an otimic contact with the metal film feyer 7. 
A periphery of the n-type polycrystalline silicon layer is 

40 tapered to prevent a steep (fifference in level from being 
formed. 

[0066] Rgure 4 is a partly enlarged plan view of the 
thermopile-type infrared sensor, in which a quarter of 
tiie pattern fe illustrated, ttie dielectric film is not shown. 
45 and the contact holes 15a. 15b and 15c are shcwni Kiy 
an alternate long and two stiort dashes line. Figures 5A, 
5B. 5C and 5D are sectional views taken along A-A. B- 

B. C-C and D-D lines in Rg. 4. respectively, in which a 
dielectric f flm is shown. Figures 6A and SB are sche- 

50 matic sectional views illustrating a film construction of 
ttie thermoelectric element in tf>e thermopile-type infra- 
red sensor according to the preferred emtxxiiment No. 
1. 

[0067] As shown in Figs. 4 and 5. tiie hot junctions 
55 Ta of the n-type polycrystalline silkXHi layers 3i . 32 and 
33 are formed on drcumferences of radius r^. r2 arxJ r3 
(ri<r2<r3), respectively, with respect to the chip center 

C. while the cold junctions Tb are formed at the end of 
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the n-type polycrystalline silicon layers 3^, 83 and 83. 
TTie pattern of the n-type polycrystalline siPicon layers 3i 
consists of a fan-shaped pattern 3a formed between the 
radii r^ and f2 ^ a hook-shaped striped pattern 3b 
extended from the fan-shaped pattern 3a up to the vicin- 
ity of the periphery of the substrate 1 , in which the hook- 
shaped striped pattern 3b consists of one fan-shaped 
piece formed t)etween the radii 12 and and another 
fan-shaped piece formed between the radius tz and the 
per^hery of the substrate 1. The n-type polycrystalline 
silicon layer 32 is formed in such a manner that 32 com- 
pensates for ttie notched portkKi of the n-type polycrys- 
talline silicon layers 3^ , in which the pattern of the n-type 
polycrystalline silicon layer 32 is a striped pattern con- 
sisting of a hook-shaped pattern 3b* extended from the 
radius r2 toward outside up to the vicinity of the periph- 
ery of the substrate 1. The n-type polycrystalline silicon 
layer 33 is placed in such a manner that 33 compen- 
sates for the notched portk>n of the hook-shaped pat- 
terns 3b and 3b' in which the pattern of the n-type 
polycrystalline silicon layer 33 consists of a striped pat- 
tern 3c extended from the radius rs toward outside up to 
thevk^nityofthe per^ery of the sitetrate 1. 
[0068] The n-type polycrystalline silicon layers 3i, 
32 and 33 are covered l>y the dielectric film 4. As shown 
in Fig. 5A. the contact hole 15a is formed on the dielec- 
tric film 4 at an end of the fan-shaped pattern 3a of the 
n-type polycrystalline silkxm layer 3^. As shown in Figs. 
5B and 5C. the contact holes 15b and 15c are formed 
on the dielectric films at an end of the n-type polycrys- 
talline si\\con layers 32 and 33. respectively. The metal 
film layer. 7 makes an ohmic corrtact with these contact 
holes 15a, 15b and 15c. thereby the hot junctions Ta are 
formed. As shown in Fig. 5D, a contact hole 15d is 
formed on the dielectric film 4 at the other erxis of the n- 
type polycrystalline silicon layers 3^. 32 and 33. The 
metal film layer 7 makes an ohmic contact with the n- 
type polycrystalline silicon layer exposed from the con- 
tact hole 15d, thereby ttie cold junct»ns Tb are formed. 
Thus, the hot junctfons Ta are formed at the cNp central 
skies, while the coU junctfons Tb are formed at the 
other end. 

[0069] As mentioned akX3ve, the thermopile-type 
infrared sensor aocorcfing to the preferred embodiment 
tk). 1 has one layer of n-type polyarystalline silfoon. in 
which many n-type polycrystalline silicon layers 3 are 
formed radially in a striped shape on the dielectric film 
2a formed on the surface of the single crystalline silicon 
sut)strate 1. Then, the contact holes 15a. ^Sb, 15c and 
15d are fbmned on the dielectric film 4 that is formed on 
the dielectric f im 2a and the n-type polycrystalline sili- 
con layers 3 and then, the metal film layer 7 such as alu- 
minum film layer is formed on the dielectric film 4 and 
then, the metal film layer 7 that connects the hot junctfon 
with the COM junction alternately and successively is 
formed by a patterning. 

[0070] As shown in Fig. 6A, a dielectric film 8 made 
of SiN is formed on the series of thermoelectric ele- 



ments, in whk:h each thermoelectric element according 
to the preferred embodiment fte. 1 is connected in 
series, and a borosilicate glass layer 9. on which a die- 
lectric film 10 made of Si02 is coated, is formed in such 

5 a manner that the borosilicate glass layer 9 covers the 
hot junction Ta at the center of the heat-sensitive part. 
As shown in Fig. 6B. the dielectric film 8 consisting of 
phosphosilicate glass (hereinafter, PSG) layer 81 and 
SiN 82 is formed in such a manner ttiat the dielectric f im 

70 8 covers the hot junctfon Ta at the center of the heat- 
sensitive part, in addHfon, an infrared absorption film 16 
made of resin is formed in such a manner that the infra- 
red absorption fim 16 covers a central part of the mem- 
brane (the heat-sensitive part) in order to raise the 

75 infrared absorptfon. Thus, the glass layer oc the resin 
absorption film is formed, thereby improving the infrared 
absorptfon characteristic as a sensor. The dielectric film 
8 contains at least one element selected from the group 
consisting of Si02, PSG, AI2O3 and SIALON. besMes 

20 SiN. 

[0071] The dielectric film 10 shown in Fig. 6A is 
formed to protect the borosilicate glass layer 9 from an 
etching process. The borosilfoate glass layer 9 and the 
dielectric film 10. whfoh have a functfon as an infrared 

2S al3S0^ptk)nf^n^ are removed tiy an etching except tfieir 
portfons around the membrane center. As a material for 
the infrared al^sorptfon film 16 shown in Fig. 6B. an 
polyimkJe resin, vinyl resin. pherK)lfo resin, epoxy resin, 
acrylfo resin and synthetfo rubber are used. A dielectric 

30 film2b. whfoh is formed on the back of the substrate 1, 
is etched to make an opening therein, then the sub- 
strate 1 is etched by an anisotropfo etching using an 
etching agent solutfon such as an alkaline etchant. 
thereby the cavity 13 is fornrted. A part of the dielectric 

35 fflm 8 is ^ched to make a hole therein, tfien an elec- 
trode pads 11 and 12 (see Fig. 1) made of metal fim 
arxi the like are formed thereon t)y sputtering. As a 
material for the electrode pads 11 and 12. at least one 
element selected from a groip consisting of Au, Al. Cr. 

40 Ta. Mo. W and NiCr is used. 

[0072] In the fblfowing. a preferred en^xxiiment of a 
(xocess for producing tfie ttiermopile-type infrared sen- 
sor according to the preferred embodiment Na 1 is 
explained with reference to Figs. 1 to 6. 

45 

(1) The substrate 1 is a semiconductive single crys- 
talline silicon sut>strate having crystallographic 
plane of (1 00) and thickness of at>out 400 ^m and is 
thennally oddized at around 900 to IIOO^C. 

50 thereby the dielectric films 2a and 2b consisting of 
Si02 and having thickness of 0.1 to 1 ^ are 
formed on the both skJes of the siA)strate 1. The 
dielectric fOm 2a may be one layer of Si02. two lay- 
ers consisting of SiC>2 layer + SiN layer, or three lay- 

55 ers consisting of Si02 layer SiN layer + Si02 layer. 

(2) A non-doped polycrystalline silicon layer having 
0. 1 to 2 ^m thk^ess is formed on the dielectric film 
2a by LP-CVD or sputtering methods and then. 
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phosphorus is doped into the non-doped polycrys- 
talSne sificon layer at 800 to 1 1 50^ t}y using POCb 
as an impurity source. After the doping, PSG 
formed on the surlace is etched by using buffer 
hydrofkjoric acid. Thus treated poiycrystalline sili- 
con layer is a n-type poiycrystalline silicon layer 
having resistivity of 1 to 10 mO • cm. 

(3) A photo resist having thickness of 1 to 4 iim is 
formed on the n-type poiycrystalline silicon layer 3. 
By using the photo resist as a masK strped pat- 
terns of the n-type poiycrystalline silicon layers are 
formed radially from the chip center as shown in 
Rg. 4. The striped patterns consist of the fan- 
shaped patterns 3a formed between the radii r^ and 
12 and the hook-shaped striped patterns 3b 
extended from the fan-shaped pattern 3a i4> to the 
vk:inity of the perq3hery of the substrate 1 . Further, 
the hook-shaped patterns 3b* extended from the 
radius t2 toward outside up to the vicinity of the 
periphery of the substrate 1 and the striped pat- 
terns 3c extended from the radius r3 toward outside 
up to the vicinity of the periphery of the sut)strate 1 
are formed. 

Each pattern of the n-type poiycrystalline sili- 
con is formed by reactive ion etching (hereinafter. 
RIE) and the like, in which the n-type poiycrystalline 
silicon layers 3i, 32 and 33 are island-like and 
placed in such a manner as complementing with 
each other. As a gas for etching the n-type poiy- 
crystalline silicon layer by RIE is preferably, for 
example. SFg. in which an edge shape of the 
etched n-type poiycrystalline silicon layers 3^, 33 
and 83 becomes tapered^shape by ernplcying an 
appropriate etching condition, thereby solving a 
problem of step coverage (such as disconnectkm of 
wiring) for an upper layer film formed on the silicon 
layer. The n-type poiycrystalline silicon layers may 
k>e subjected to an isotropic etcNng so as to make 
the periphery portion of the n-type poiycrystalline 
silicon layers be a tapered shape or step^ape. 

(4) Al-Si is deposited so that a thickness thereof 
becomes 0.2 to l^i m by sputtering and then, the 
metal film layer 7 is formed by sputtering using 
phosphoric acid as an etchant. During this step, a 
numt^er of the hot junctions arxl coM junctk)ns are 
formed, thereby fornting the heat-sensitive part 
consisting of the series of thermoelectric elements, 
in whk;h the thermoelectric elements are connected 
in series. 

(5) The dielectric film 8 made of SiN having thick- 
ness of 0.2 to 2^ m is formed on the heat-sensitive 
part by plasma CVD or sputtering and then, the 
borosilk;ate glass layer 9 having thnkness of 0.3 to 
3 ^ is formed on the dielectric film 8. The borosil- 
icate glass layer 9 is annealed at 300 to GOO^'C fol- 
towed t)y reflowing, thereby solving problems such 
as pin-hole fonmation and step coverage. Further, 
the dielectric film 10 made of SiOg having thickness 



of 0.1 to 2 |im is formed on the borosilicate glass 
layer 9 by sputtermg. A material for the dielectric 
film 8 errployed is a combination of members 
selected from the group consisting of Si02, SiN and 
5 SiNO: for example, two layers consisted of Si02 
layer and SiN layer, or three layers consisted of a 
SiN layer sandwtehed by SiO^ layers. 

(6) The borosilicate glass layer 9 and the dielectric 
film 10 made by SiOa on the membrane part 14 are 

10 partly remcved by etching so as to form the infrared 
absorptkm film on the central part of the mem- 
brane. 

(7) The dielectric film 8 is partly etched to make an 
opening therein fblkiwed by patterning of metal film 

IS layers 11 and 12, thereby the electrode pads are 
formed in such a manner to be overlapped with the 
dielectric film 8. 

(8) In the final step, the dielectric fOm 2b on the back 
of the substrate 1 is etched to make an opening 

20 therein folkNved by an anisoitropk: etching from the 
back of the substrate 1 using an etchir^ agent solu- 
tion such as an alkaline etchant. thereby the cavity 
1 3 is formed in the substrate 1 . 

25 [p073] As for the abcve etching of the substrate 1, 
the single crystalline silteon having crystalbgraphic 
plane of (100) is subjected to anisotropk; etching by 
using KOH to form a taper of 54.7*" as shown in Fig. 1. 
This process has an advantage of producing inexpen- 

30 sive elerYients due to massive treatment by t>atch 
processing. However, this process causes a formation 
of a taper due to the crystal structure of silicon, causing 
difficulty in chip size miniaturizatbn due to a formatton 
of a useless part in the chip. 

35 [0074] As a response to the demand of chip size 
miniaturization, a process of etching in which a silicon 
sut)strate is vertrcally etched tyy dry etching is 
employed, through which the single crystalPine silicon 
can be etched vertically with an angle of 87^ to 90^ by 

40 dry etching using a RIE apparatus. The silicon sut)strate 
can also be vertically etched by empk)ying an ICP-RIE 
apparatus, in which a highly dense plasma can be gen- 
erated, by using SiC^ or a resist as a mask for etching. 
By employing these processes, the chip size can be 

45 miniaturized. 

[0075] A process for forming the infrared absorptk>n 
fflm made of resin is explained with reference to Fig. 6B. 
The infrared absorption film 1 6 is formed in such a man- 
ner as covering a center part of the membrane and is 

50 consisting of at least one member selected from the 
group consisting of polyimide resin, vinyl resin and 
acrylic resin, in which a pigment such as cartx>n that 
improves an infrared at>sorptk>n characteristic is added. 
[0076] As a process for forming the infrared absorp- 

55 tion film, a photolithography using spin coating or a 
printing method is employed. In the process for fornvng 
the Infrared absorption film by photolithography, for 
exanrple, a photosensitive resist is drip-feeded on a sili- 
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con wafer that is rotating on a spin coater in order to 
control a thickness of resist coated thereon to be 0.1 to 

30|im. 

[0077] Hius coaled film is prebaked at about 80 to 
120**C by a heating means such as a constant tempera- 
ture oven and a hot plate. The prebaked film is sub- 
jected to an alignment of a desired pattern by a mask 
aligner, followed by exposing to light so as to remove a 
part of a resist, which corresponds to be a part of the 
infrared at>sorption film. Then, a devek)ping and rinsing 
are carried out. and a postbake is done to make a final 
configuration. 

[0078] Then, a resin solutk>n containing carbon par- 
ticles to be an infrared absorption film is spin-coated 
thereon with a film thickness of 1 to 30 |i m. After pret>- 
aking at about 80 to 120^0. the resist is dissolved and 
lifted off by using a remover. Then, the postt>ake is done 
to finally form the infrared ab6orptk)n film. In this post- 
bake, temperature, time and heating process are con- 
trolled so ^ to fonm a striped pattern having 
unevenness of 1 to 10 |im on a surface of the infrared 
absorption film. Figure 19 is a digital photograph illus- 
trating a striped shape unevenness ttujs formed on the 
suriace of the infrared absorptk}n film. This infrared 
absorption film was postbaked at about 1 50 to 300°C for 
2 to 15 minutes on a hot plata 
[0079] As a resin for forming the infrared absorptfon 
film, a photosensitive resin may t>e used besides the 
resins desaibed above. In this case, a step of lift-off can 
be saved. 

[0080] A patterning by photolithography causes a 
very fiat film having unevenness of 1 imi or less to form 
on the surface after spin-coating. This flat film has many 
advantages such as inaement in resolution upon expo- 
sure, however optically, an incident infrared ray is 
reflected on the flat surfac& A transmitlarK^e of infrared 
ray of a flat film formed tiy a conventional process is 
about 5% at wavelength of 1 0 ^m. txjt a reflectivity is as 
high as 25%, causing an absorptance to substantially 
decreasa 

[0081] In this regard, according to the prefen-ed 
embodiments of the present inventkxi, the striped 
shape pattern having unevenness of 1 to 10 ^ is 
formed on the surface of the infrared absorption f Om so 
as to scatter the incident infrared ray at the unevenness 
formed on the surface of the infrared absorptton film, 
resulting in that the reflectivity of the infrared ray is 
deaeased by about 10%. Then, the at>sorptance of the 
infrared ray improves, thereby increasing an output 
power of the infrared sensor by about 5%. 

Preferred Embodiment No. 2 

[0082] The preferred embodiment ISk>. 2 of thermo- 
pile-type infrared sensor according to the present inven- 
tion is explained with reference to Figs. 7 to 9. Rgure 7 
is a partial plan view illustrating a half of a thermopile- 
type infrared sensor pattern. Figure 8 is a partly 



enlarged plan view illustrating a quarter of the thermo- 
pile-type infrared sensor pattern. In Rgs. 7 and 8. a die- 
lectric film and passivation film are not shown. Rgures 
9A, 9B, 9C and 9D are sectional views taken along A-A, 
5 B-B, C-C and D-D lines in Fig. 8, respectively, in which 
a dielectrk; film is shown. 

[0083] In the prefen'ed embodiment No. 2, thk:k- 
ness of the n-type polycrystalline silicon layers is 
enlarged in order to raise the S/N ratk> t>y decreasing 

10 resistivity of the n-type polycrystalline silicon layers 3^ . 
32 and 33 of the preferred embodiment Uo. 1. Figure 7 
is a partial plan view illustrating a tfiermopile-type infra- 
red sensor pattern according to the preferred embodi- 
ment IMa 2. A single crystalline silicon substrate fiaving 

15 a cavity is used, on both sides of which dielectric films 
are formed similariy to the preferred embodiment Ho. 1 . 
There are two methods for forming the n-type polycrys- 
talline silicon layer. i.e. the thermoelectric material, 
whk^h is formed on the dielectric film as fblfows: Q) 

20 method of forming one thick layer of the n-type polycrys- 
talline silicon and 0 method of forming two layers of n- 
type polycrystalline silicon, thereby making the layer 
thick. 

[0084] A thermopile-type infrared sensor according 

25 to the preferred embodiment No. 2 is explained with ref- 
erence to Rg. 7. Similariy to the case of the preferred 
emtxxliment hJal , the n-type polycrystalline silkx)n lay- 
ers 3^, 82 arxJ 33 are radially placed from a chip center 
on the dielectric film and formed separately each other 

30 like islands. Then, the n-type polycrystalline silicon lay- 
ers 3i, 82 and 33 are subjected to a patterning using a 
smaller pattern compared to the pattern of the n-type 
poiyaystalline silicon layers 3^. 82 and 83 (of the pre- 
ferred emkxxfiment No. 1) shown in Fig. 3A. then fol- 

35 lowed tjy etching. theret>y forming mesa-shaped n-type 
polycrystalline silkx>n layers 3ii, 821 and 83^ Then, the 
patterns of the rHype polycrystalline silkx)n layers 3i , 32 
and 83 are formed, thereby makir^g the periphery 
thereof to have a tapered step-like shapa Then a die- 

40 lectric film 4 is formed thereon followed by making con- 
tact holes therein, then a metal film layer is deposited tiy 
sputtering foltowed t>y patterning, thereby hot junctfons 
Ta and coM junctions Tb are formed by making a con- 
tact between the n-type polycrystalline silicon layer arxj 

45 the metal film layer at each contact hole. The periphery 
of these n-type polycrystalline silicon layers are formed 
to have a tapered step-like shape, avoiding a steep dif- 
ference in level and preventing a disconnection of wiring 
with respect to the metal film layer around the periphery 

50 of the n-type polycrystalline silkxxi layers from occur- 
ring. 

[0085] In the following. Q) method of forming a thk:k 
n-type polycrystalline silicon single layer is explained. A 
dielectric film 2a is formed on the single crystalline sili- 
55 con substrate, on which a non<toped polycrystalline sil- 
icon layer having thickness of 0.1 to 2 |im is then formed 
tiy LP-CVD or sputtering metfiod, on whk;h a n-type 
polycrystalline silkxxi layer having resistivity of 1 to 10 
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ma • cm is further formed by doping phosphorus at 
800 to 1150^C using POCI3 as an Impurity source. Thus 
formed n-type polycrystalline silicon layer is relatively 
thick. TTien, PSG on a surlace of the n-type polycrystal- 
line silicon layer is removed by using buffer hydrofluoric 
add. followed by forming the mesa-shaped n-type poly- 
crystalline silicon layers d^^, 821 and 831 by patterning 
using a similar but smaller pattern compared to the pat- 
tern used in the preferred embodiment of ISfo. 1 and 
then, step^haped n-type polycrystalline silicon layers 
3v 32 and 83 are formed by patterning using the same 
pattern as thsrt of the n-type polycrystalline silicon layers 
of the preferred emkxxiiment No. 1. Then, through the 
process explained in the prefenred embodiment No. 1 . a 
passivation film and infrared absorption film and the like 
are formed, thereby a themiopile-type ffifrared sensor is 
produced. 

[P0861 In the following, method ® of forming two 
layers of n-type polycrystalline 8ilkx>n to form a thtek 
la^ is explained with reference to Figs. 7 to 9. In 
method ®, an upper layer of the polycrystalline silicon 
between the two layers thereof is formed in such a man- 
ner as covering a iGwer patterned layer of the polycrys- 
talline silicon, thereby giving about the same shape as 
that described in method 0. in method 0, the n-type 
polycrystalline silicon layers 3^ , 32 and 83 are fomned in 
the upper and lower layers of the polycrystalline silicon, 
while the n-type polycrystalline silicon layers 3u» 
andSs-t are fbniied in the lower layer of the polycrystal- 
line silioon. A dielectric film 2a is formed on the single 
crystalline silicon sul)strate, on which a norvdoped poly- 
crystalline silicon layer having thickness of 0.1 to 2 pm 
is formed 1^ LP-CVD or sputtering method. TTien. a pat- 
tern of polycrystalline layers separated each other is 
formed by using a mask that is used for patterning tfie n- 
type polycrystalline silicon layers 3^^, 83^ and 831 . 
Then, another non-doped polycrystalline silkx)n layer 
having thickness of 0.1 to 2 pm is formed thereon. Then, 
phosphorus is doped into these polycrystalline silicon 
layers at 800 to 1150^0 using POCI3 as an impurity 
sourca Then, a pattern of the n-type polycrystalline sil- 
ioon layers 3^, 32 and 83 having resistivity of 1 to 10 mQ 
• cm is fonnedkiy patterning using the pattern of the n- 
type polyaystalline silicon layers 8^ , 82 and 83. Through 
the atx>ve process, the n-type polycrystalline silicon lay- 
ers 3^, 82 and 33 are radially formed with respect to a 
chip center on the insulation layer, on which a pattern of 
the n-type polycrystalline silioon layers 3ii, 821 and 831 
that is similar in shape but smaller than that of the n- 
type polyaystalline silicon layers 3^, 82 and 83, is also 
formed. Then, a dielectric film is formed thereon fol- 
lowed by making contact holes therein, then each hot 
junction Ta and cold junction Tb of each thermoelectric 
element having the n-type polycrystalline silicon as a 
thermoelectric material are formed and then, a series of 
the thermoelectric elements, in whfoh each thermoelec- 
tric element is connected in series, is produced. 
[0087] Here, the n-type polycrystalline silicon layer 



as the thermoelectric material may t>e formed by form- 
ing two layers of the non-doped polycryslalline sepa- 
rately each other followed by impurity dispersion 
thereinto, or may be formed by doping the impurity into 

5 each polycrystalline silicon layer thereby forming two 
layers of the n-type polycrystalline silkxxi. 
[0088] In the following, the preferred embodiment 
Na 2 is explained in further detail. As shown in Fig. 9A, 
ttie n-type polyaystalline silicon layer 3^ is connected 

10 wiflithemetalfilmlayerTatthecontactholelSaformed 
on the insulation layer 4 on the n-type polycrystalline sil- 
icon layer 3^. thereby tiie hot junction Ta on the n-type 
polycrystalline silicon layer 3i is formed. As shown in 
Rgs. SB and 9C. the metal film layer 7 extends toward 

IS tiie periphery of the cfvp on the dielectric film 4 on the n- 
type polyaystalline silkxxi layer 3i without passing 
through on the n-type polycrystalline silicon layer 3^i 
and makes contact with the n-type polycrystalline silicon 
layer 83 at tiie contact hole 15d. thereby forming tiie 

20 ooki junction Tb; as shown in Fig. 9D. Asshown in Fig. 
9B, the n-type polycrystalline silicon layer 82 makes 
contact with the metal film layer 7 at a contact hole 1 5b 
to form the hot junction Ta, while as shown in Fig. 9C, 
the metal film layer 7 passes through on the n-type poly- 

25 crystalline silkxxi layer 82 covered witii tfie dielectric film 
4, then as shown in Rg. 9D, makes contact wHh the n- 
type polycrystalline silicon layer 83 at a contact hole 
15d, thereby forming the cokf junction Tb. As shown in 
Rg. 9C, the metal film layer 7 makes contact with the n- 

30 type polycrystalline silkxxi layer 83 at a contact hole 15c 
formed in the dielectrfo film 4 on the n-type polycrystal- 
line silkxxi layer 83, thereby forming tiie hot junction Ta, 
whk^h is tfien connected to a adjacent cokJ junction Tb 
on tiie n-type polycrystalline silkx>n layer 3^ after pass- 

35 ing through on the dielectrfo film 4. Thus, as shown in 
Figs. 6A and SB, a thermoelectrfo element, in which the 
hot and coM junctions are formed, are further provkled 
witti a passivation fflm and a infrared absorption film 
formed in such a manner as covering the hot junction, 

40 thereby producing a tiiermopile-type infrared sensor. 
[0089] Similarly to tiie preferred embodiment Na 1 . 
in this preferred emtxxJiment Na 2, the pattern of the n- 
type polycrystalline silkxxi layers 3i, 82 and 83. is radi- 
ally formed from a chip center on the dielectrfo film 2a ki 

45 such a manner as complementing with each other and 
is uniformly placed, tiiereby making a stress distribution 
of a membrane structure uniform. The periphery of tiie 
n-type polycrystalline silkxxi layers is formed to have a 
tapered shape to avokJ a steep difference in level. 

50 

Preferred Embodiment No. 3 

[00901 The preterred enfoodiment No. 3 of thermo- 
pile-type infrared sensor according to the present inven- 
55 tion is explained with reference to Rgs. 10 and 11. 
Figure 10 is a partly enlarged plan view illustrating a 
quarter of the thermopile-type infrared sensor pattern. 
Figures 11A. 11B. 110. 11D and 11E are sectional 
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views taken along A-A. B-B. C-C. D-D and E-E lines in 
Rg. 10. respectively. As shown in Rgs. 10 and 11, a 
metal film layer 7 is placed on a dielectric film 2a, 
thereby saving processes of covering the pattemed n- 
type polycrystalline silicon layers with the dielectric film 
4 and forming the contact hole 15 in the dielectric film 4. 
Consequently, a process for the preferred enrtxxJiment 
^k). 3 is a process sut>tracting the process of fbmiation 
of the dielectric f Om 4 from the process of the preferred 
enrtediment No. 1. therefore a detailed explanation 
thereof is omitted. 

[00911 Polycrystalline silicon layers are formed on 
dielectric fflms 2a on a single crystalline silicon sub- 
strate followed by an Impurity diffusion, then n-type 
polycrystalline silicon layers 3^. 32 and 33. are formed 
by patteming through a process similar to the atxjve 
process. Metal film layer 7, which composes a thermoe- 
lectric element and contribute as a wiring element, is 
connected to a cold junction lb from a hot junction Ta 
passing through on the dielectric film 2a. Consequently, 
a pattern of the n-type polycrystalline silicon layers 3^ is 
a little different from that of the corresponding pattern 
that is described for tfie preceded prefen-ed embodi- 
ments and is formed on the dielectric film 2a, with the n- 
type polycrystalline silicon layer directly under the wiring 
pattern of the metal fflm layer 7 being renrxived. 
[0092] A pattern of the n-type polycrystalline silicon 
layers 3i , 82 and 83 is sAvnosX the same pattern with that 
off the preceded preferred embodiments, in which the 
pattern of the n-type polycrystalline silicon layer 3i is a 
fan-shaped pattern 3a having a notch. The hot junction 
Ta is formed at a contact point 7a where the n-type poly- 
crystalBne siPcon layer 3^ makes contact with the metal 
film layer 7. The metal film layer 7 extending from the 
hot junction Ta passes through on the dielectric film 2a 
that is exposed along a groove of the n-type polycrystal- 
line silicon layer 3i. then makes contact with the coW 
junction Tb ttiat is a contact point 7d with the metal fOm 
layer 7. Further, the metal film layer 7 passes through on 
the dielectric fflm 2a from a contact point 7b of the n- 
type polycrystalline silicon layer 82. then niakes contact 
with a contact point 7c of an adjacent n-type pdyaystal- 
line silkxm layer 83. Furthernme, the metal film layer 7 
passes through on the dielectric film 2a from a contact 
point 7c of the n-type polycrystalline silicon layer 83, 
then makes contact with a contact point 7d of an adja- 
cent n-type polycrystalline silicon layer 82. Thus, a 
series of thermoelectric elements, in which each ther- 
moelectrk; element is connected in series, is formed. 
[0093] In the prefen-ed embodiment No. 3, a dielec- 
tric film for making a contact hole is not needed and the 
number of the process can be reduced, thereby a yield 
can be increased The periphery portion of the n-type 
polycrystalline silicon is formed to have a step-shape, 
preventing a disconnection of wiring pattern of the metal 
film, and the n-type polycrystalline silicon layers and the 
metal film layers are unHbrmly placed on a chip surface, 
preventing a crack formatbn caused by a stress. 



Preferred Embodiment No. 4 

[0094] The preferred emtxxliment No. 4 of thermo- 
pile-type infrared sensor according to the present inven- 

5 tk>n is explained with refererx^e to Figs. 12 to 14. Rgure 
12 is a partly enlarged plan view aiustrating a quarter of 
the thermopile-type infrared sensor pattern. Rgures 
13A, 18B and 13C are sectional views taken along A-A, 
B-B and C-C lines in Rg. 12. respectively. Figures 14A 

10 and 14B are sectk>nal views taken atong D-D and E-E 
lines in Fig. 12, respectively. A dielectric fflm covering a 
thermoelectric element is not shown in Rg. 12, but 
shown in Rgs. 13 and 14. In Fig.. 12, hot junctk>ns Ta 
and cokJ junctions Tb formed by contact between a 

IS metal f im l^er and n-type polycrystalline sOioon Ic^ 
are shown as contact poirrts, while contact holes formed 
in the dielectric films for making the Ml junction Ta and 
cold junction Tb are not shown. 
[0095] In the preferred entxxfiment Na 4. two lay- 

20 ers of the n-type polycrystidline silioon, which are the 
material for the thermoelectric element are formed with 
putting a dielectric fflm therebetween. 
The two layers of the n-type polycrystalline silicon each 
have the same pattern with that of the preferred embod- 

25 imentNal but are formed, in such a manner that a pat- 
tem of the one layer of the n-type polycrystalline silicon 
is shifted by half of a pitch toward the circumference of 
a chip with respect to a pattem of the another layer of 
the n-type polycrystalline silicon, with putting a dielectric 

30 fim therebetween. 

If the same pattern with the preferred embodiment Ha 1 
shown in Fig. 1 is eirployed, 160 thermoelectric ele- 
ments can t>e formed. However 80 thermoelectric ele- 
ments are many enough, that is» making 40 

35 thermoelectric elements for the first layer of n-type poly- 
crystalline sfl'icon and 40 thermoelectric elements for 
the second layer of n-type polycrystalline silicon, caus- 
irtg no practical prot)lem. 

[0096] In Rgs. 13 and 14. sectk>nal views including 

40 the hot junctions Ta and the ooM junctions Tb are 
shown. In the preferred embodiment No. 4, one of two 
layers of n-type polycrystalline silicon is formed to f\ave 
step-shape forming a taper. A passivation fflm for cover- 
ing the thermoelectric element and an infrared absorp- 

45 tk>n fim have the same embodiment with the preceded 
preferred embodiments mentk>ned abwe. 
[P097] Similariy to the preferred entxxliment Ho. 1 . 
a number of the first layers of the rHype polycrystalline 
silicon layers 81 . 82 and 83 are radially formed in striped 

50 shape on a dielectric film 2a formed on a single crystal- 
line silicon substrate, on which a dielectric film 4 is 
fbmned and then, the second layers of the n-type poly- 
crystalline silicon Si, 62 and 83 are formed in striped 
shape on the dielectric film 4. A pattern of the second 

55 layers of the n-type polycrystalline silicon 5i . 52 and 53 
are formed to be shifted by half of a pitch with regard to 
the pattern of the first layers of the n-type polycrystalline 
silicon 81, 82 and 83, on whtoh a dielectric film 6 is 
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formed. Contact holes are formed in the delectric films 
4 and 6 formed on the first layers of n-type polycrystal- 
line silicon 3i, 32 and 33, wNle contact holes are also 
formed in the dielectric film 6 formed on the second lay- 
ers of n^type pdyaystaliine silicon 5i , 62 and 63. These 5 
contact holes are formed to form hot and cold junctions 
of the thermoelectric elements. A metal film layer such 
as an aluminum film layer, is formed on the dielectric 
film 6 followed by a patterning, thereby forming metal 
film layers 7 that are one material for constructing the 
thermoelectric elements and function as wiring mem- 
t>erB. Contact points between the metal f im layers 7 and 
the layers of n-type polycrystalline silicon 3^, 32 and 33 
or the layers of n-type polycrystalline silicon 5i, 62 and 
53 become the hot junctfons Ta and cold junctions Tb of 
the thermoelectric elements. 
[0098] A sectional view of the hot junction Ta is 
shown in Rgs. 1 3A to 1 3C. while that of the cokJ junction 
Tb is shown in Rgs. UAand 14B. As shown in Fig. 14B, 
the metal film layers 7 are in contact with the layers of n- 
type polycrystalline silicon 3^ 32 and 33 at the contact 
holes formed in the dielectric film 4, thereby forming the 
cold junctions Tb of the first layers of n-type polycrystal- 
line silicon 3ip 32 and 33. As shown in Rg. 14A, the 
metal film layers 7 are in contact with the layers of n- 
type polycrystalline silicon 5^. 52 and 53 at the contact 
holes formed in the dielectric film 6. thereby forming the 
cold junctions Tb of the second layers of n-type poly- 
crystalline silicon 5^, 62 and 53. Then, the hot junction 
Ta of the second n-type polycrystalline silicon layers is 
connected to the cold junction Tb of the adjacent first 
layers of the n-type polycrystalline silicon by the metal 
film layer 7, thereby constructing a series of the thermo- 
etedric elements, in which each thermoelectric element 
is connected in series. Further, a passivation film con- 
sisting of a dielectric film 8 and an infrared absorption 
film are formed at an membrane part in vifhich a number 
of hot junctions are formed, as shown in Rgs. 6A and 
6B. 

[P099] As is also the case of the preferred embodi- 
ments No. 1 to 3, an infrared at)sorption film consisting 
of tx>rosilicate glass layer 9 is formed on the dielectric 
film 8 made of SiN, thereby iirprcving an infrared 
absorption characteristic as an infrared sensor. A die- 
lectric f flm 1 0 made of SK^ is formed for protecting the 
borosilicate glass layer 9 from an etcN'ng process upon 
formation of a heat-sensitive part consisting of the 
above infrared absorption film. A part of the dielectric 
film 8 is opened by etching fbllGwed by patteming, 
thereby an electrode pad 12 is formed in such a manner 
as overlapping with the dielectric fim 8. As shown in 
Rg. SB. an infrared absorption film 16 made of resin, 
such as a polyimide resin, vinyl resin and acrylic resin, 
may be formed at a center part of the membrane. Thus, 
even in this case of a single layer of the n-type polycrys- 
talline silicon and two layer-structure of the n-type poly- 
crystalline silicon, a passivation film and an infrared 
absorption film shown in Rg. 6 are formed. 



[91 00] In the following, a process for producing the 
thermopile-type infrared sensor according to the pre- 
ferred embodiment No. 4 is explained with reference to 
Rgs. 12 to 14. Here, a process for forming the first layer 
of the n-type polycrystalline silicon 3i. 82 and 83 on the 
dielectric fim 2a fonned on both sides of the single crys- 
talline silicon substrate is the same wHh the process 
described in the preceded prefen-ed embodiments, 
therefore an explanation of said process is omitted and 
the following processes are explained in the following. 

(1) The dielectric fflm 4 is formed on the first layers 
of n-type polycrystalline silicon 3i. 82 and 33 that 
are shown by dotted lines in Fig. 12. The dielectric 
fim 4 made of SiO^ having thickness of 0.1 to2|im 
s formed by LP-CVD method. Instead, the poly- 
crystalline silicon may be thermally oxidized, form- 
ing Si02 layer having thickness of 10 to 100 nm on 
a surface of the polycrystalline siPicon. thereby an 
interlayer insulator is fonvted as the dielectric film 4, 
improving interiayer insulation. 

(2) Then, the second layers of the rvtype polycrys- 
talline silicon is formed as folfows: the silicon sdb- 
strate is heated up to 600 to 700''G; then, the non- 
doped polycrystalline silicon film having thickness 
of 0.1 to 2 pm is formed on the dielectric fim 4 by 
LP-CVD method; then, phosphorus ions are 
implanted by ion implantation folfowed by heat- 
treating at 800 to 1 1 50^0 to diffuse the phosphorus. 
Throu^ this doping of phosphorus, the non-doped 
polycrystalline silicon film becomes a doped poly- 
crystalline silicon layer having resistivity of 1 to 10 
mn • cm. 

(3) A photoresist fim having thickness of 1 to 4 fim 
is formed on the atxve n-type polycrystalline silicon 
layer and then, a patterning is performed using a 
second pattern tfiat is the same with a first pattern 
used upon forming the first layers of the n-type poly- 
crystalline silkx)n 3i, 32 and 83 but is shifted by half 
of a pitch in the drcuml^ence (fireclion, which is 
shown by solid lines in Rg. 12. tfiereby a striped 
pattern is radially formed from the chip center 
toward the periphery of the chip. This radial pattern 
is the same with the striped pattern of the first lay- 
ers of the n-type polycrystalline silkxxi 3^, 82 and 
83. which is already formed underneath. By using 
this pattern as a mask and RIE method and the like, 
the n-type polycrystalline silicon is patterned to 
form the second layers of n-type polycrystalline sili- 
con 5<|, 62 and 63. 

(4) The dielectric films 4 and 6 on edge portions of 
the striped patterns of the first layers of 3^. 82 and 
33 and the second layers of 5i. ^ and 63 are pat- 
temed tyy photolithography folfowed etching by 
RIE metfxxl. theret>y forming the contact holes to 
form the hot and cok) junctions. 

(5) In order to form the hot and cold junctions on the 
first layers of n-type polycrystalline silicon 3i. 82 
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and 33 and the second layers off n-type polycrystal- 
line silicon 5i. 62 and 53. respectively, a metal film 
layer 7 made of Ai-Si tiaving thickness of 0.2 to 1 
^m is formed by sputtering and then, patterned by 
photolithography followed by etching using phos- 
phoric add as an etchant, thereby each hot junction 
Ta is altemately connected to a corresponding cold 
junction Tb, and at the same time primary electrode 
pads, which are for forming external lead elec- 
trodes, are fonmed. 

(6) After the metal f flm layers 7 are thus formed, the 
dielectric film 8 made of SiN or Si02 having thick- 
ness of 0.2 to 2 pm is formed by plasma CVD. on 
which the borosilicate glass layer having thickness 
of 0.3 to 3 ^m is formed by sputtering. The glass 
layer 9 is heat-treated at 300 to 600^0 to reduce 
ptn-holes and to prevent a problem of step cover- 
age from oocuning. This step for reducing pinholes 
Is also effective in the preceded preferred enrtedi- 
merrts. 

(7) The dielectric fim 10 nrade of Si02 having thick- 
ness of 0.5 to 2 ^ is formed on the above heat- 
treated glass layer 9 folfowed by patterning using 
photolithography and then, the borosilicate glass 
layer 9 and the dielectric film 10 are removed by 
etching with a central part of the n^embrane thereof 
left. Then, ttie dielectric fim 8 on the electrode pad 
is removed t>y etching using photolithography and 
then, electrode pads 11 and 12 are formed by 
depositing Cr film having thk:kness of 50 to 300 nm 
and Au film having thickness of 100 to 500 nm. fol- 
lowed by patterning using lift-off method. 

(8) The dielectric film 2b on the b^ of the sub- 
strate 1 is etcfied t)y photolithography to make an 
opening therein, then the single crystalline sllkxHi 
substrate 1 is subjected to an anisotropic etching 
from the back thereof using an alkaline etchant to 
form a cavity 13, thereby a sensor chip. In which the 
membrane part 14 containing the hot junction that 
serves as an infrared ray-receiving part is formed, 
is produced. 

[PIOI] In a final step, the infrared absorption film 
made of resin is fomied by a method such as saeen 
printing, ink jet. and a method, in which the resin is spin 
coated followed by curing and patterning by photolithog- 
raphy. In case of ink jet method, the resin film can be 
formed even after making the cavity. As the need arises, 
cartx>n and the like can be dispersed into the resin to 
improve the infrared at>sorption characteristic. 
[0102] In the above prefenred embodiments, a die- 
lectric film fomned on the metal f Om layer 7 may contain 
an element selected from a group consisting of PSG, 
AI2O3 and SIALON. In addition to SIO. SiN, and SiNO. A 
dielectric film that covers the metal film layer 7 may con- 
sist of PSG and SiN. 

[0103] As shown in Fig. 15. the thermopile-type 
infrared sensor according to the prefenred errfoodiments 



is enclosed in a package to be utilized as an infrared 
detector. Figure 1 5 illustrates a state, in whfoh a thermo- 
pile element TA is fixed on a stem SA. The stem SA is 
made of metal, such as Fe and Fe-Ni-Co. A hoifow is 
5 fomried around a center where tiie thermopile element 
TA is fixed. 

[0104] The thermopile element TA is fixed on the 
stem by using glue having very high themial conductiv- 
ity. A thermistor chip TB. which is used for temperature 
10 compensation. Is glued on the stem using an electro- 
conductive pasta An electrode pad of the thermopile 
element TA is connected to an external electrode termi- 
nal formed on the stem by wire bonding using Au or Al- 
Si wire. 

IS [01051 After the thermopile element TA and the 
thermistor chi> TB are placed and fixed on the stem SA 
followed by electrfoal connecting therebetween, the 
stem SA is covered by a window-mounted cap SB. in 
whfoh an infrared-transmissible filter material is glued 

20 and fixed to an opening of a cap usnig an epoxy glue or 
sokier. and hermetically sealed by weUing and the 6ke. 
The inside of the package is sealed t>y filling gas having 
low thermal conductivity, such as dry nitrogen. Ar. Kr. 
and Xe, or vacuunrhsealed, thereby redudng thermal 

25 conduction from the membrane part off the tihermopile 
element to the surroundings through the atxive gas, and 
resulting in high-output infrared detector. 
[01 06] On the ottier hand, an infrared ray-transmis- 
sible filter membe r Ftp ly^ ^ windqfMf is mounted on the 

30 cap SB. The filter menrt>er F is expensive t>ecause it 
consists of multilayer having scores of layers consisting 
of ZnS or Ge and the like in order to control the transnut- 
tance. which is formed on a silicon sut)strate or Ge sut>- 
strate. Consequentiy, a package size and a filter size 

35 are needed to be small in order to produce an inexpen- 
sive infrared sensor. However, small size of the filter 
causes the incident infrared ray to decrease, causing 
deterioration of the output of the sensor. 
[P107] In these respects, a cap structure that can 

40 effectively utilize a filter size as much as possible is 
explained witti reference to Rgs. 160 and 16D. The win- 
dow-mounted cap SB has an opening 27. into whk:h tt)e 
infrared ray-transmissible filter member F is fitted. If a 
shape of the opening 27 Is round, there is no problem in 

45 produdng the cap by using a press-mold. However, if 
the shape of tiie opening 27 is quadrilateral or hexago- 
nal having comers, a roundness is occunred at each 
corner. 

[01 08] For example, when the opening 27 is square 
50 having each side of 2 mm. ttie roundness at the corner 
of the opening 27 has a radius of at least 0.2 to 0.3 mm. 
A gap Q1 between the opening and the window 
becomes about 0.06 mm and 0.1 nwn fOr the radius of 
0.2 mm and 0.3 mm. respectively. Taking an accuracy of 
55 finishing into consideration, the gap becomes even 
larger. 

[01 09] Thus, the roundness is formed at the comers 
of the opening, thereby fitting the corner of the filter 
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member F into the opening 27. enlarging the gap G1. 
An oocurrence of the gap G1 requires nuch amount of 
adhesive to glue the titer member F with the opening 
27. Since the adhesive can be leaked out to the incident 
side of infrared ray, the following structure of the win- 
dow-mounted cap SB shown in Figs. 16A and 16B is 
preferable. However, in such a case, the gap may be 
filled with resin. 

[0110] In Figs. 16A and 168, the window-mounted 
cap SB has an opening 26, into which the infrared ray- 
transmissible fitter member F is fitted. At each corner of 
the opening 26, there is formed a rourxl or a curved 
notch 26a, into which each comer of the filter member F 
that is made by dice cutting is fitted, thereby the filter 
member is fitted into the opening 26. Agap G2 between 
the f Bter memt)er F and the cap SB can be set to be a 
dimension in which an allowable error is taken into con- 
sideration and to be very small. 
[01 1 1 1 Thus, at corners of the opening 26, the notch 
26a is fbnried toward outsMe compared to an ritersec- 
tion point of each SKle of the square, preventing the win- 
dow member F form being caught in the opening 26, 
therek>y allowing a gap between the opening and the 
window member at saU comer to be small. Conse- 
quently, reliability of hemnetk; seal is Improved, aHowing 
the leakage of the adhesive 28 out to a surface of the 
window member to be minimal. 
[0112] In the folkiwing, a structure of the window- 
mounted cap is explained with reference to Fig& 17A 
and 17B that are partly broken perspective views of a 
window-mounted cap viewed from the back arxi front 
respectively. Rgure 1 7A is a perspective view of the cap 
structure, in which an opening for mounting a window 
member is formed, viewed from the cap inskie. while 
Fig. 17B is a perspective view of the cap structure, in 
which the window member is mounted. 
[0113] In the cap SB, there is formed a quadrilateral 
opening 26, at each comer of which a hollow 26b is 
formed in such a manner protruding toward outskie 
from the back of the cap. By controlling a depth of the 
hollow 26b, the window member F is fitted into the open- 
ing 26, thereby a face (an incident surface of infrared 
ray) of the window member F coinckles with the front 
face of the cap SB. Alttx>ugh the face of the window 
memt>er F does not necessarily coinckJe with the front 
face of the cap SB tpon fitting into the opening 26, a fit- 
ting without making any difference in level is preferat>le. 
Then, the periphery of the window memt)er F and the 
hollows 26b are filled with a resin from the t>ack of the 
cap SB to fix the window member F at the opening 26 of 
the cap. The opening 26 coinckles with the window 
member F in dimension. The window member F abuts 
on the bottom of the hollow at each comer and is fixed 
there. According to this example, a whole face of the 
window ment)er serves as a face, on which infrared ray 
can be absort)ed. enabling a small size of the window 
member compared to a oonventbnal window member 
and cost reduction in the window nriemk>er that has been 



conventionally expensive. 

[0114] In Rg. 18A, shown is an example of package 
structure, in which a thermopile element is accommo- 
dated in a ceramic package such as alumina package, 

5 and the thermopile element TA and the Ihermi^or chip 
TB are subjected to wiring by wire bonding. In Rg. 18B 
shown is an example of package structure, in which the 
thermopile element TA is placed in a ceramic package 
in such a manner that a cavity skJe of the thermopile 

10 element TA is a face of infrared ray-reoeiving, and a sur- 
face mount type of the thermistor chip TB is emptoyed. 
Alumina having high thermal conductivity of sboUt 20 
WAn • K allows temperature distrilxition generated in 
the package to be reduced, thereby redudng a meas- 

15 urement error in temperature, when used as a casing erf 
the infrared detector. The package material is not lim- 
ited to alumina. If AIN having thermal conductivity as 
high as 1 70 W/m • K is used, further better characteris- 
tk: can be obtained. When the package structure like 

20 that shown in Rg. 18B, the borosificate glass and the 
infrared absorption film are preferably formed on the 
skle of the cavity. 

[0115] In the following, infrared absorption spectra 
of the thermopile-type infrared sensor according to the 

25 present inventfon are explained with reference to Rg. 
20. Figure 20A shows an infrared at>sorption spectrum 
when Si02 film is formed at the merrtone part and Rg 
20B shows an infrared absorption spectrum when a 
lead borosilicate glass film is formed at the menrtvane 

30 part. As is seen in Rg. 20B, when the lead botosilicate 
glass is used as the bok)silicate glass 9, there are 
at>sorption bands in wavelength regfon of about 6 to 11 
pm (about -10 to 210°C on a temperature basis). While, 
in the case of the SK^ film, as is seen in Rg. 20A, there 

35 are at)sorptiont)ands in wavelength region of about 8 to 
9.5 \i m (about 30 to 90^0 on a temperature basis). 
Consequently, when the bok>silk;ate glass is used as a 
material for tiie dielectrk: film, which is described in the 
thermopile-type infrared sensor according to the pre- 

40 ferred embodiments, wider temperature range can be 
detected compared to a conventfonal case, in which the 
SiOg film is used as a material for the dielectric film. Fur- 
ther, when SiN film is used as the passivation film, there 
are absorption bands in wavelength region of about 10 

45 to 12 pm. which can t>e shifted to shorter wavelength by 
using SiNO film by introducing oxygen upon film forma- 
tion. Therefore, t)y combining ttie SiNO film with the 
borosilk»te glass film, the absorption band range can 
be wkler, thereby further improving the sensitivity of the 

50 sensor. In the akxTve example, lead borosilicate glass 
film is employed as the borosilicate glass film. However, 
ottier element instead of lead may be added and fol- 
lowed by heat-treatment A borosilicate glass witiiout 
addition of such an element may also t>e emptoyed. 

55 [0116] In tiie above preferred embodiments, 80 
thermoelectric elements are produced per one layer of 
n-type polycrystalline silk»n. It is possible to change ttie 
number of thermoelectric elements produced by chang- 
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ing radius of the concentric drcles around the chip 
center and the width of the pattern. In the pretended 
embodiment No. 2, a thermopile-type infrared sensor 
having S/N ratio of 84 dB was produced on a condition 
of infrared ray-reoeiving power density of 1 .25 mW/cm^. 
[01171 Since the thermopile-type infrared sensor 
according to the present invention is small and enables 
accurate non-contact measurement of temperature, it is 
most suitable to a sensor for use in such a clinical ther- 
mometer in which a body tempenature is measured at 
person's ear, which can quickly measure person's body 
temperature. 

[01 18] In the present invention, a plurality of rows of 
thermoelectric elements may be formed on the sut>- 
strate followed by connection of tfie rows of thermoelec- 
tric elements in series at the outside. 
[01 1 9] Thus, according to the present invention, the 
n-type polycrystailine silicon layer is used as a thermo- 
electric material, thereby using electrons as carriers 
having high mobility compared to that of caters in a p- 
type polycrystailine silicon, obtaining Ngh Seebeck 
coefficient on a condition of the same resistivity and 
then, improving the S/N ratio, i.e. ratb of output voltage 
to Johnson noise. As described in the preferred embod- 
iments Na 1 to 3, the fiot junctions are placed on the 
concentric circles having radius r^. r2 and from a 
center of the cavity of the thennopile element in a rela- 
tion of ri<r2<r3. theret)y relaxing a concentifation of 
stress in the membrane part due to the n-type polycrys- 
tailine silicon l^er. and the width of the stripe of the n- 
type polycrystailine silicon layer is formed to be wide as 
much as po6Sik>le. thereby reducing the resistivity of the 
thermopile element. Consequentiy. the S/N ratio is 
increased, the yieM upon the anisotropk; etching is 
improved due to the reductkm of the stress in the mem- 
brane, thereby enabling a production of inexpensive 
thermopile elements. 

[0120] As descn1>ed in the preferred embodiment 
No. 4. the dout)le layers of the n-type polycrystailine sil- 
icon is formed through the cfielectric film, or the upper 
arxJ lower silicon layer patterns are formed by shifting 
half of a pith with each other, and the hot jurxitions are 
placed on tfie concentric circles having radius r^, f2 and 
r3 from a center of tfie cavity of tiie thermopile element 
in a relation of r^ <r2<r3, thereby relaxing a concentration 
of stress in the membrane part due to the n-type poly- 
crystailine silicon layer. When the double layers of n- 
type silicon fiaving same number of the hot junctions in 
the preferred enrixxtiments No. 1 to 3 is formed with 
shifting half of a pitch with each other, the width of the 
stripe can be widely formed, thereby reducing the resis- 
tivity of the thermopile element. As a result, the S/N 
ratio is further improved and the yieM upon anisotroprc 
etching is also improved due to the reduction of the 
stress in the membrane, thereby enabling ttie produc- 
tion of inexpensive thermopile elements and also inex- 
pensive thermopile-type infrared sensor. 
[0121] According to the present invention, as a 



material composing the thermopile element, the resis- 
tivity off the n-type polycrystailine silicon f9m is 1 to 10 
ma • cm so as to increase the output voltage and the 
Seebeck coefficient, thereby reducing a temperature 

5 dependence of the voltage sensitivity. That is, if tiie 
resistivity of the n-type polycrystailine silicon film is 
Icwer than 1 mQ • cm, the Seebeck coeffk»ent 
t>ecomes small, resulting in that a practical output volt- 
age cannot be ok>tained. In order to increase the output 

10 voltage, the number of the junctions must be increased, 
causing a length of tfie thermopile element to become 
kxig and causing a deterioration of the yieki of the pro- 
duction. If the resistivity of the n-type polycrystailine sil- 
\con film is higher than 10 mQ • cm, the Seebeck 

IS coefficient becomes large but the Johnson noise also 
t>ecomes large, causing a deterioration of the S/N ratia 
[0122] The resistivity of the n-type polycrystailine 
silicon film is set to l3e 1 to 10 ma - cm so as to obtain 
adequate parameters such as the number of the ther- 

20 moelectric elements, pattern sfiape of the n-type poiy- 
CTystalline silicon film, position of the hot junctions, and 
tiie S/N ratio of the sensor, providing an advantage of 
mass production from the viewpoint of tfie productron 
yiekf. 

25 [0123] The shape of the pattern edge of the n-type 
polycrystailine silicon layer is formed to t)e in the step- 
sfiape or the tapered shape, relaxing a limitation with 
respect to the step coverage of a film formed on the n- 
type polycrystailine silicon layer, therek>y altowing the 

30 thKkness of the polycrystailine silioon layer to be 
increased. Further, the differerx;e in level of the step is 
decreased, enat)ling a thin film formation on the poly- 
crystailine silicon layer, thereby solving the problem of 
disconnection of tfie metal f Urn on the step. 

35 [0124] As the infrared absorption film. t)orosiRcate 
glass or Si NO is used to improve the output of the infra- 
red sensor by a factor of 30% compared to a conven- 
tional infrared absorption film made of Si02. Conpared 
to a case of using an infrared absorption film made k)y 

40 resin, the infrared al>sorption film made off borosilicate 
glass or SiNO can k^e formed before etching, thereby 
reducing tiie production cost of the thermopile ele- 
ments. 

[0125] Ceramics such as Al^s and AIN are used 
45 as the package material so that the Inexpensive and 
small thermopile element having tiie stable characteris- 
tic witii respect to temperature change can be pro- 
duced. 

[0126] By using a chip thermistor or thin film ttier- 
50 mistor, in whk^ a resistivity is classified by a narrow 
deviation, as a cold junction temperature corrper^ation 
element, when the infrared sensor according to the 
present invention is used as a non-contact temperature 
sensor, temperature of an object can be accurately 
55 measured and man-hour for calibration upon outgoing 
inspection can be reduced. 

[01 27] The surface of the infrared absorption film is 
formed in striped shape on the tiiermoelectric element. 
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thereby restraining reflection of infrared ray and raising 
the ab6ort>ency of infrared ray so as to improve the 
detection efficiency thereof, and imprcving the S/N ratio 
of the infrared sensor. 

[0128] Since an expensive window material may be 
mounted in the cap. in order to use such a window 
material effectively as much as possible, the opening is 
formed in the cap, providing an inexpensive infrared 
sensor. The hollows formed at the corners of the open- 
ing are effective Id firmly fix the window to the cap and 
to seal an inert gas filled in the cap. 
[0129] Ihe aforementioned preferred embodiments 
are de8crit>ed to aid in the understanding of the present 
invention, and variations may be made by one skilled in 
the art without departing from the spirit and scope of the 
present invention. 

Claims 

1 . A thenmpile-type infrared sensor, in which thermo- 
electric elements are formed on a single crystalline 
silicon substrate containing a cavity therein, com- 
prising: 

a first dielectric film covering the cavity; 
a plurality of n-type polycrystalline silicon lay- 
ers formed on the first dielectric film, extending 
radially from the vidnity of a chip center; and 
metal film layers formed In contact with the n- 
type polycrystalline silicon layers, 
wherein hot junctions are formed at the chip 
central side and that cold junctions at the chip 
peripheral side of the n-type polycrystalline sil- 
icon layers, respectively, by contacting the n- 
type polycrystalline silicon layer and the metal 
film layer, and at least one series of tfiemK)6- 
iectric elements is formed on the first dielectric 
film by connecting alternately and successively, 
by the metal film layer, said hot jiffiction and 
cold junction of the neightXKing n-type poly- 
crystalline silicon layer. 

2. A themnopDe-type infrared sensor, in which thermo- 
electric elements are fonned on a single crystalline 
silicon substrate containing a cavity therein, com- 
prising: 

a first dielectric film covering the cavity; 
a plurality of n-type polycrystalline silicon lay- 
ers formed on the first dielectric film, extending 
radially from the vicinity of a chip center; and 
metal film layers formed in contact with the n- 
type polycrystalline silicon layers, 
wherein hot junctions are fomied at the chip 
central side and that cold junctions at the chip 
per^heral side of the n-type polycrystalline sil- 
icon layers, respectively, by contacting ttie n- 
type polycrystalline silicon layer and the metal 



film layer, and at least one series of thermoe- 
lectric elements Is formed on the first dielectric 
film by connecting alternately and successively, 
by the metal fflm layer, said hot junction and 
5 cold junction of the neighboring n-type poly- 

crystalline silicon layer, and an infrared absorp- 
tion film is formed on a dielectric fim that 
covers said series of thermoelectric elements. 

10 3. k thermopile-type infrared sensor, in which thenno- 
elecb'ic elements are formed on a single crystalline 
silicon sut>strate containing a cavity therein, com- 
prising: 

IS a first dielectric film covering the cavity; 

a plurality of n-type polycrystalline silicon lay- 
ers formed on the first dielectric film, said sili- 
con layers firstly extending radially from a 
circumference in the vicinity of a chip center 

20 and secondly from a plurality of outer concen- 

tric ctrdes toward a chip periphery respectively 
and said formed silicon layers t>eing situated to 
form a complementary pattem with each other; 
a second dielectric film covering the n-type 

25 polycrystalline silicon layers and the first die- 

lectric film; 

contact holes formed in the second dielectric 
film; and 

metal film layers formed in contact with the n- 
30 type polycrystalline sificon layers through the 

contact hde, 

wtierein hot junctions are formed at the ch^ 
central side and that cold junctions at tfie chip 
peripheral side of the n-type polycrystalline sB- 

35 loon layers, respectively, by contacting the n- 

type potycrystailine silicon layer and the metal 
film layer through the contact hole, and at least 
one series of thermoelectric elements is 
fonmed on the first dielectric film t)y connecting 

40 alternately and successively, by the metal film 

layer, said hot junction and cold junction of the 
neighboring n-type polycrystalline silicon layer, 
arxl an infrared absorption film is formed on a 
dielectric film that covers said series off thermo- 

45 electric elements. 

4. A thermopile-type infrared sensor, in wNch thermo- 
electric elements are formed on a single crystalGne 
silicon substrate containing a cavity therein, oom- 
50 prising: 

a first dielectric film covering the cavity fomied 
in the single crystalline silicon substrate; 
a plurality of n-type polycrystalline silicon lay- 
55 ers formed on the first dielectric film, said sili- 

con layers firstiy extending radially from a 
drcumference in the vidnity of a chip center 
and secondly from a plurality of outer ooncen- 
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trie circles toward a chip periphery respectively 
and said formed silicon layers being situated to 
form a complementary pattern with each other; 
a second dielectric film formed on the n-type 
polycrystanine silicon layers and the fbst die- s 
lectric film; 

contact holes formed in the second dielectric 
film; 

metal film layers formed in contact with the n- 
type polycrystanine silicon layers through the 10 
contact holes; 

hot and cold junctior)s formed at the chip cen- 
tral side and the chip peripheral side of a plural- 
ity of the n-type polycrystalline sflioon layers, 
respectively, by contacting the metal film layer 75 
and the n-type polycrystalline silicon layer 
through the contact hole; 
a series of thermoelectric elements formed t>y 
connec^ng alternately and successively said 
hot junction and cold junction by the metal film 20 
layer; 

a third dielectric film formed on the second die- 
lectric film and the metal film layers; 
an infrared at)sorption film formed on the tfiird 
dielectric film so as to cover the hot junctions; 2s 
and 

electrode pads formed at ends of the series of 
thermoelectric elements. 

A thermopile-type infrared sensor, in which thermo- 30 
electric elements are formed on a single crystalline 
silicon sut)slrate containing a cavity therein, com- 
prising: 

a first dielectric film covering the cavity; 3s 
a plurality of n-type polycrystalline silicon lay- 
ers fonmed on the first dielectric fim, said sili- 
con layers firstly exterxf ng racBally from a 
drcumference in the vidnity of a chip center 
and secondly from a plurality of outer concen- 40 
trie drcles toward a chip periphery respectively 
and said formed silicon layers being srhiated to 
form a complementary pattern with each other; 
metal film layers formed in contact with the n- 
type polycrystalline silicon layers; 45 
hot and cdd junctions formed at the chip cen- 
tral side and the chp peripheral side of the n- 
type polycrystalline silicon layers, respectively, 
by contacting the n-type polycrystalline silicon 
layer and the metal film layer; so 
a series of thernfx>electric elements formed on 
the first dielectric film, in which the metal film 
layer connected with the hot junction extends 
on the first dielectric film and connects with the 
cold junction on the neighboring n-type poly- ss 
crystalline silicon layer, thereby connecting the 
hot junction and the cold junction alternately 
and successively; and 
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an Infrared atjsorption film formed on a second 
dielectric film that covers the series of thermo- 
electric elements. 

i. A thermopile-type infrared sensor, in which thermo- 
electric elements are formed on a single crystalline 
silicon sut)strate containing a cavity therein, com- 
prising: 

a first dielectric film covering the cavity; 
a plurality of first n-type polycrystalline silicon 
layers formed on the first cf electric film, said sil- 
icon layers firstly extending racially from a dr- 
cumference in the vidnity of a chp center and 
secondly from a plurality of outer concentric dr- 
des toward a chip periph^ respectively and 
said formed silicon layers being situated to 
form a complementary pattern with each other; 
a second dielectric fim covering the first n-type 
polycrystalline silicon layers and the first die- 
lectric film; 

a plurality of second n-type polycrystalline sili- 
con layers formed on the second dielectric film, 
having the same pattern as a pattern of tiie first 
n-type polycrystalline silicon layers but shifted 
by half of a pitch toward the drcumference of a 
chip; 

a third dielectric fim covering the second n- 
type polycrystalline silicon layers; 
contact fioles formed on the second and tNrd 
dielectric films covering the first and secorKi n- 
type pdycrystalline silicon Isyers, respectively; 
metal film layers formed in contact with fhe first 
and second n-type polycrystallme silicon layers 
through the contact hole; 
hot and cold junctions formed at the chip cen- 
tral side and the chip peripheral side, respec- 
tively, of ttie first arxi second n-type 
polycrystalline silicon layers by contacting the 
first and second n-type polycrystalline silicon 
layers and the metal film layer through the con- 
tact hole; 

a series of thermoelectric elements formed by 
connecting alternately and successively said 
hot junction and cold junction of the neigttXK- 
ing n-type pdycrystalline silicon layer k)y the 
metal torn le^er; and 

an infrared at>sorption film formed on a dielec- 
tric film tfiat covers the series of thermoelectric 
elements. 

7. The thermopile-type infrared sensor as in any one 
of daims 1-6, wherein a crystaDographic plane of 
the single aystalline silicon substrate is (100). 

8. TTie thermopile-type infrared sensor as in any one 
of daims 1 - 7. wherein the n-type polycrystalline 
silicon layers radially placed from a chip center 
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have combination off fan-shaped patterns extending 
toward a chip periphery. 

9. The themiopile-type infrared sensor as in any one 
off daims 1-8. wherein the hot junctions are placed 
on concentric cirdes of radius r^, 12 and r3 with 
respect to a chip center in a relation off r^ < r2 < f^- 

10. The thermopile-type infrared sensor as in any one 
of claims 2 - 9, wherein the infrared absorption fOm 
formed on the series of thermoelectric elements 
consists of one member selected from the group 
consisting off borosilicate glass, polyimide resin, 
vinyl resin and acrylic resin. 

11. The thermopile-type infrared sensor as in any one 
of claims 1-10. wherein the dielectric film covering 
the series of thermoelectric elements consists of 
two layers of phosphosificate glass and SiN. 

12. The thermopile-type infrared sensor as in any one 
off claims 1 - 1 1 , wherein the first dielectric fim con- 
sisls of two layers of SiO^ and SiN, or three layers 
consisting of a SiN layer sandwiched by SiC^ lay- 
ers. 

13. The tiiermopile-type infrared sensor as in any one 
of daims 1 - 12, wherein peripheral portions of the 
n-type polycrystalline silicon layers are formed in a 
step-shape except portions on which the hot and 
cold junctions are formed. 

14. The ttienmpile-type infrared sensor as in any one 
off claims 1 - 13, wherein aoss sections off periph- 
ery off the n-type polycrystalline silicon layers are in 
atapered-shape. 

15. The thermopile-type inffrared sensor as In any one 
of claims 1 - 14, wherein a resistivity of the n-type 
polycrystalline silicon layers is 1 to 10 mn • cm. 

16. The thern[X)pile-type infrared sensor as in any one 
off claims 1-15, wherein the dielectric film covering 
the series of thernfK)electric elements contains at 
least one member selected from the group consist- 
ing of SKD^. SiN, SiNO, phosphosiBcater glass^ 
AlsQaandSIALON. 

17- The thermopile-type inffrared sensor as in any one 
off claims 1-16, wherein the metal film layer con- 
sists off at least one member selected from the 
group consisting of Ai, Cr. Ta. Ma W and NiCr. 

18. The thermopile-type infrared sensor as in any one 
off claims 2-17, wherein a surface off the infrared 
absorption fSm has a strped pattern having une- 
venness. 



19. The thermopile-type infrared sensor as in any one 
of daims 1-18, wherein the thermopile-type infra- 
red sensor is endosed in a package, a window con- 
sisting off an infrared-transmissit)le fitter is nwunted 

5 at an opening formed on a cap of the package, a 
shape of the window is quadrilateral or hexagonal, 
the opening fits with the window, and notches 
fomied at each comer of the opening are placed 
outside compared to intersection points among 

10 each side of the quadrilateral or hexagonal. 

2(L The thermopile-type infrared sensor as in any one 
off daims 1-18. wherein the themropile-type infra- 
red sensor is endosed in a padiage, a window con- 
15 sisting off an infrared-transmissible filter is nx)untad 
at an opening formed on a cap off the package, a 
shape off the window is quadrilateral or hexagonal, 
the opening fits vvith tt^ window, and holtows 
formed at each comer off the opening position and 
20 mount the window. 

21. A process for produdng a thermopile-type inffrared 
sensor comprising the steps off: 

25 forming a first dielectric film on txytti sides of a 

single crystalline silicon substrate by thermal 
oxidation, chemical vapor deposition or sputter- 
ing; 

depositing a pdycrystalline silicon layer on the 
30 first dielectric film chemical vapor deposition 

or sputtering; 

forming a n-type polycrystalline silicon layer 
havingresistivityof 1 tolOmQ • cm by diffus- 
ing impurities into the polycrystalline silioon 
35 layer; 

patterning the n-type polycrystalline silioon 
layer so as to have a set off patterns consisting 
off pattenns radially extending in striped shape 
from a fan-shaped pattem formed between 
40 radii r^ and r2 around a chp center up to the 

vidnity of a per'phery of the substrate, patterns 
radially extending in striped shape toward out- 
side from r2 up to the vfoinity of the periphery off 
the sut}strate. and patterns radially extending 
45 in striped shape toward outside ffrom r3 up to 

the vidnity off the periphery of the sut>strate; 
fbnning a second dielectric film on a plurality off 
the patterned n-type polycrystanine silicon lay- 
ers arxi the first dielectric film by chemical 
50 vapor deposition, glass coating or sputtering; 

forming contact holes on the second dielectric 
film at which hot and cold junctions to be 
formed; 

depositing a metal film layer by sputtering or 
55 vacuum evaporation after forming the contact 

holes; 

patterning ttie metal film layer, then making 
ohmic contact between the n-type polycrystal- 
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line silicon layers and the metal film layers at 
the contact holes and then, forming a series of 
thermoelectric elements t)y connecting each 
thermoelectric element consisting of a pair of 
hot and cold junctions in series; 5 
forming a third dielectric film on the metal film 
layers and on the second cGelectric film and 
forming an infrared at)Sorption film at the chip 
center; and 

forming an opening in the first dielectric film w 
formed on the back of the single crystalline sili- 
con substrate, followed by forming a cavity in 
the back of the single crystalline silicon sut>- 
strate kjy etching and then, followed by expos- 
ing the first dielectric film from the back of the is 
single crystalline silioon substrate. 

22. A process for producing a thernrK)pile-type infrared 
sensor comprising the steps of: 

20 

forming a first dielectric film on both skfes of a 
single crystalline sificon substrate t)y thermal 
oxidatkm, chemical vapor depositkm or sputter- 
ing; 

depositing a polycryslalline silicon layer on the 2S 
first dielectric f am by chemical vapor deposition 
or sputtering; 

forming a n-type pdycrystalline silicon layer 
having resistivity of 1 to 10 mn • cm by diffus- 
ing irrpurities into the polycrystaliine silicon 30 
layer; 

patterning the n-type polycrystaliine silicon 
layer so as to have a set of patterns consisting 
of patterns radially extending in strf>ed shape 
from a fan-shaped pattern formed between 3S 
radfi r^ and 12 around a chip center up to the 
vicinity of a periphery of the substrate, patterns 
radially extencfing in striped shape toward out- 
side from r2 up to the vidnity of the periphery of 
the substrate, and patterns radially extending 40 
in striped sfiape toward outside from up to 
the vidnity of the periphery of the substrate, 
and then, a part of thus pattemed n-type poly- 
crystaliine silicon layers is etched so as to have 
mesa shape; 45 
patterning by using a pattern that is larger than 
the pattern of said mesa shape n-type poly- 
crystaliine silioon layers but similar in shape, 
followed t>y etching with the exception of the n- 
type polycrystaliine silicon layers situated near so 
the periphery of said mesa shape n-type poly- 
crystaliine silicon layers, thereby forming a 
tapered and step-like shaped n-type polycrys- 
taliine silicon layers; 

forming a second dielectric film on said step- 55 
like shaped n-type polycrystaliine silicon layers, 
then forming contact holes on the second die- 
lectric film at which hot and cold junctions to be 



formed; 

forming a metal film layer t>y sputtering or vac- 
uum evaporation; 

patterning the metal film layer, then making 
ohmic contact between said step-like shaped 
n-type polyaystalline silicon layers and the 
melal film layers at the contact holes and then, 
forming a series of thermoelectric elements by 
connecting each thermoelectric element con- 
sisting of a pair of hot and cold junctkxis in 
series; 

forming a third dielectric film on the metal f3m 
layers and the second dielectric film, then form- 
ing an infrared at>sorption film on the third die- 
lectric film; and 

forming a cavity in the t>ack of the single crys- 
talline silicon sut>strate. then exposing the first 
dielectric film from the back of the single crys- 
talline silioon substrate. 

23. A process for producing a thermopO&-type infrared 
sensor comprising the steps of: 

forming a first dielectric film on tx>th sides of a 
single crystalline silicon substrate by thermal 
Qxkialion, chemfoal vapor deposition or sputter- 
ing; 

depositing a first polycrystaliine silicon layer on 
the first dielectric film by chemical vapa depo- 
sition or sputtering; 

patterning the first polycrystaliine silioon layer 
so as to have a first pattern consisting of pat- 
terns radially exterxling in striped shape from a 
far>-shaped pattern formed t}elween radii r^ 
and r2 around a cNp center up to the vidnity of 
a perphery of the sut>strate, patterns radially 
extending in striped shape toward outside from 
r2 up to the vidnity of the periphery of the sub- 
strate, and patterns radially extending in 
striped shape toward outsxie from rs up to the 
vidnity of the perphery of the sut>strate. then 
depositing a second polycrystaliine silioon 
layer and then, forming a f irst n-type polycrys- 
taliine silicon layer having said first pattem and 
a second n-type polycrystaliine silicon layer, 
both having res^vity of 1 to 10 m O • cm. tiy 
doping irrpurities; 

patteming the second n-type pdycrystafline sil- 
icon layer by using a secorxJ pattern tfiat is 
larger than said first pattem but similar in 
shape, thereby forming the periphery of n-type 
polycrystaliine silicon layers formed by using 
said second pattern to be tapered and step- 



forming a second dielectric film on the n-type 
polycrystaliine silicon layers formed by using 
said second pattern, then forming contact 
holes on the second dielectric film at which hot 
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and cold junctions to be formed; 
forming a metal film layer by sputtering or vac- 
uum evaporation; 

patterning the metal film layer, then making 
ohmic contact between the n-type polycrystal- s 
line silicon layers and the metal film layers at 
the contact holes and then, forming a series of 
thermoelectric elements by connecting each 
thermoelectric element consisting of a pair of 
hot and cold junctions in series; 10 
forming a third dielectric film on the metal film 
layers and the second dielectric f Om, then fbrnb 
ing an infrared absorption film on the third die* 
lectric film; and 

formmg a cavity in the t>ack of the single crys- is 
talline silicon substrate, then exposing the first 
dielectric f im from the back of the single crys- 
talline silkxm substrate. 



24. A process for producing a thermopile-type infrared 
sensor comprising the steps of: 



20 



forming a first dielectric film on both sides of a 
single crystalline silicon substrate by thermal 
Qxkjtation, chemicd vapor deposition or sputter- 2s 

ing; 

depositing a first polycrystalline silicon layer on 
the first dielectric film t>y chenucal vapof depo- 
sition or sputtering; 

forming a first n-type polycrystalline silicon 30 
layer having resistivity of 1 to 10 mQ • cm by 
diffusing impurities into the first polycrystalline 
siGoon layer; 

patterning the first n-type polycryslalline silkxxi 
layer so as to have aflrst pattern consisting of 36 
patterns radially extending in striped shape 
from a fan-shaped pattern formed k)etween 
radii r^ and 12 arourvJ a chip center up to the 
vidraty of a periphery of the substrate, patterns 
radially extending in striped shape toward out- 40 
side from r2 up to the vknnity of the periphery of 
the substrate, and patterns radially extending 
in striped shape toward outskJe from ra up to 
the vicinity of the periphery of the SLA>strate; 
forming a second dielectric film on a plurality of 4S 
the patterned first n-type polycrystalline silicon 
layers and on the first dielectric fDm by chemi- 
cal vapor depositkxi. glass coating or sputter- 
ing; 

depositing a second polycrystalline silicon so 
layer on the second dielectric film, then doping 
the second polyaystalline silicon layer with 
impurities, thereby forming a second n-ty()e 
polyaystalline silicon layer having resistivity of 
1 to 10 mn • cm; 55 
patterning the second n-type polycrystalline sil- 
icon layer so as to have a second pattern that is 
the same pattern in shape as the first pattern of 



the first n-type polycrystalline silicon layers but 
shifted by half of a pitch toward the circumfer- 
ence of a chip; 

forming a third dielectric film on the patterned 
first and second n-type polycrystalline silicon 
layers, then forming contact holes on the sec- 
ond or third dielectric film at whkdi hot and cold 
junctions to be formed; 

forming a metal film layer on the third dielectric 
film; 

patterning the metal film layer, then making 
ohmic contact between the f rst and second n- 
type polycrystalline silicon layers and the metal 
film layers at the contact holes and then, form- 
ing a series of thermoelectric elements by con- 
necting each thermoelectric elemerrt consisting 
of a pair of hot arvi cold junctions in series; 
forming a fourth dielectric film on ttie metal film 
layers and the third dielectric f im, then forming 
an infrared al>sorption film on the fourth dielec- 
tric film; arxi 

forming a cavity in the back of the single crys- 
talline silicon substrate, then exposing the first 
dielectric film from the back of the single ays- 
talltne silicon substrate. 

25. A process for produdng a thermopile-type infrared 
sensor comprising the steps of: 

forming a first cfielectric film on both sides of a 
single crystalline silicon sut>strate by thermal 
oxidation, chemical vapor deposition or sputter- 
ing; 

depositing a polycrystalline silicon layer on the 
first dielectric film by chemical vapor deposition 
or sputtering; 

forming a n-type polycrystalline silicon layer 
having resistivity of 1 tolOnr^ * cm t>y diffus- 
ing impurities into the polycrystalline silicon 
layer; 

patterning the n-type polycrystalline silicon 
layer so as to have a set of patterns consisting 
of patterns radially extendmg in striped shape 
from a fan-sfiaped pattern formed between 
radii r^ and ^2 arouid a chip center up to the 
vicinity of a periphery of the sii>strate, patterns 
radially extending in striped stiape toward out- 
side from r2 up to the vicinity of the periphery of 
the sut>stFate, arxi patterns radially extending 
in striped shape toward outside from r3 up to 
the vk»nity of the periphery of the substrate; 
forming a metal film layer on tiie first dielectric 
film and the patterned n-type polycrystalline sil- 
icon layers; 

patterning the metal film layer, then making 
ohmic contact t>elween the n-type polycrystal- 
line silkx)n layers and the metal film layers so 
as to fomn hot and coM junctions and tiien. 
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forming a series of thermoelectric elements by 
connecting each thennoelectric element con- 
sisting of a pair of hot and cold junctions in 
series through the metal film layer; 
forming a second dielectric film on the first die- 5 
lectric film, the metal film layers and the pat- 
terned n-type polycrystalline silicon layers, 
then faming an infrared at)sorption film on the 
second dielectric film at a chip center; and 
forming a cavity in the back of the single crys- 10 
talline silicon substrate t>y etching, then expos- 
ing the frst dielectric film from the back of the 
single crystaDine silicon 8ut)Strate. 

26. The process for producing a thermopile-type infra- is 
red sensa as in any one of claims 21 - 25, wherein 
the infrared at)sorption film formed on the series of 
thermoelectric elements consists of one memt)er 
selected from the group consisting of borosiKcate 
glass, polyimide resin, vinyl resin and acrylic resia 20 

27. Tlie process for producing a thermopile-type infra- 
red sensor as in any one of claims 21 - 26. further 
corrpising a step of baking the infrared absorption 
film so as to make a surface thereof have an une- 2s 
ven striped pattern. 

28. The process for producing a thenmopile-type infra- 
red sensor according to claim 27, wherein a thk;k- 
ness of the infrared absorption film is 1 to 15 |im 30 
and an unevenness of 1 to 10 ^m is formed on a 
surface of the infrared absorption f Ont 
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FIG. 3 A 
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FIG. 6 A 
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FIG. 7 
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FIG. 1 7 B 
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FIG. 2 0 A 
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